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ABSTRACT 


A general  treatment  «f  the  damping  field  It  presented  decline  with  factor* 
involved  in  the  experimental  determination  of  the  damping  properties  of  materials,  particularly 
at  eng!neeri(^|  stress  levels.  The  relationships  among  damping,  elasticity',  and  fatigue  are 
discussed.  The  research  program  at  the  university  o?  Minnesota  in  this  field  it  described,  and 
the  results  of  past  work  ate  reviewed.  Data  obtained  from  rotating  cantilever  boom  tests  at 
race*  temperature  are  presented  on  the  damping,  elasticity,  and  fatigue  prapeittes  of  a variety 
of  metallic  materia!;  over  a wide  range  of  stresses.  The  damping  and  elasticity  data  were 
obtained  at  g frequency  of  20  rpm.  The  existence  of  a damping  cyclic  stress  sensitivity  limit 
for  all  materials  tasted  is  shown.  Various  stress  history  effects  above  the  cyclic  stress  sensitivity 
limits  erv  Indicated.  Slopes  for  the  logarithmic  plot  of  damping  vs.  stress  are  Investigated 
throughout  the  rang®  of  test  stresses  snap-layed.  Dynamic  stress-strain  curves  arc  presented  end 

“ VwIwiIOm  vi  vjritau?iiw  iiimuvim  vi  viuAiivcv  v«  « rvnwnoti  ui  Stiiiii  ivf  inn  vwi©v»  rowro? 

Is  Indicated.  CcmparisoriS  are  made  among  the  damping  and  elasticity  properties  of  the 
materials.  An  approximate  relationship  between  damping  and  the  fatigue  ®*d  tensile  strengths 
is  shown.  Problems  to  be  studied  In  future  Investigations  ore  mentioned.  An  Appendix  it 
Included  In  which  equation  ore  dev*! coed  for  Interpreting  rotating  conti lover  beam  data  so 
that  th?  effective  ieitgih  of  specimen  fiissts,  a^d  specific  acmping  energy  and  dynamic  secant 
modulus  of  elasticity  may  be  calculated. 
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I.  INTRODUCTION 


THi  pr6S9rt!M  of  nuniriqit  und$r  sustained  £yej»e  «*re*  » both  ««¥W*  C«d 
variable  ?jKtanftud*  Hay*  received  considerable  attention  Sr.  the  pst,  yet  *h#  situation  remairw 
imeoialortabfy  confused.  Also,  there  Is  Inconsistency  In  tK*  literature  regarding  Ih*  effect*  of 
tasting  vari.swas,  notably  stress  magnitude  and  stress  history,  on  the  damping  properties  of 
material*.  and  the  general  Interpretation  of  damping  and  Its  significance  In  engineering  deslfin. 
To  aid  in  clarifying  these  footers  end  correlating  the  general  behavior  of  materials  under  cyclic 
stres  (as  defined  ^y  their  'dynamic'  properties),  a* brood  pregram  of  study  Is  currently  In 
proaross  at  the  University  of  Minnesota.  On#  phase  of  this  program  U concerned  with  the 
avelueHen  of,  end  eareiatlen  among  damping  capacity,  dynamic  modulus  of  elasticity, 
fatigue,  end  dynamic  sirew^rain  characteristic*  of  materials  under  sustained  cyclic  stress  of 
bath  constant  and  aroduoily  I creasing  magnitude.  The  broad  program  else  includes  e detailed 
study  of  the  variables  which  affect  damping  energy. 

The  specific  objectives  of  the  work  covered  In  this  paper  will  be  discussed  after 
prior  work  has  bean  reviewed. 


ii  . REVIEW  Of  PRIOR  WORK 


2=1  General 

For  several  decodes  various  invesrlgators  Hove  been  concerned  with  the  damping 
property  of  materials,  or  their  ability  to  dissipate  vibrational  energy,  rrem  ;hes*  studies  many 
conflicting  and  often  directly  contradictory  statements  have  resuited,  nor  only  In  regsrd  to  the 
factors  affecting  damping,  but  also  in  comparisons  of  the  relative  damping  properties  of  various 
materials.  No  attempt  will  be  mode  here  to  present  a complete  survey  of  the  volumnous  mens 
of  literature  available  In  this  field,  for  several  summaries  of  the  principal  results  of  prior 
investigations  have  been  published  in  recent  years.  Among  these  ore  the  publications  of 
Kimball  (1),  Hatfield,  Stanfield,  and  Rotherham  (2),  Thompson  (3),  Potter  (4),  and  Llnacr*  (5). 
A discussion  will  be  given,  hewever,  of  various  factors  Involved  In  the  experimental 
determination  of  damping  particularly  at  the  higher  stress  levels. 


2.2  Expressions  for  Damping 


A complicating  factor  In  reviewing  prior  work  Is  In  the  different  methods  employed 
for  expressing  the  dissipation  of  vibrational  energy.  Potter  (4)  present'  an  able  discission  of  this 
problem  and  explains  that  at  least  eight  units  hove  been  proposed  and  used  for  statins  this 

nee  ne  eli  i «m  bout  1 SWit . ^ I..  C ■ — ■ & sL^  am*  sI.a  * - — » • I — -»•  — sL  J «•*—  — 

gr<  vj*v?  •*  j *w»  j • wernre  mwev  w»u  wee:-:^  • ??•«*  wireiy*  ivwme  vae^  wirejauc 

others  give  the  relation  between  the  energy  losses  and  the  elastic  energy  Involved. 


fvre  materials  with  equal  e-^ergy  losses  In  absolute  value  will  b-*hov?  differently 
If  their  elastic  energies  differ.  For  example . the  rate  of  vibration  decay  In  a material  depends 
nut  only  on  the  damping  energy,  but  also  on  its  modulus  of  •Sosticity.  Here  the  ratio  of  the 
errergies  Involved  in  damping  and  elasticity  is  the  important  factor  rather  than  their  absolute 
values.  On  the  other  Hu.%d  It  the  practical  consideration  that  a given  machine  component  may 
bn  required  to  dissipate  a giver,  amount  of  vibrational  energy  input  resulting  from  some 
characteristic  of  the  application  and  yet  contribute  little  elasticity  to  the  system.  If  the  part 
is  able  to  do  this  for  vibrational  stress  amplitudes  within  the  allowable  fatigue  strength  of  the 
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material,  then  the  material  la  totisfaetery  for  the  replication,  in  this  com.  consideration  of 
nw  abtsiiite  energy  dissipated  is  important,  Furthermore,  in  me  analysis  o?  St#  resonance 
response  w nwnifti  ii  U also  desirable,  If  not  essential , to  consider  tfto  absolute  energy 
detection  ;of ths  ports.  Method*  fe*  decline  with  this  problem  are  outlined  tn  rocont  papers 

in  summary,  for  a determination  of  tho  offset  of  dlffaront  veriabiae  upon  She 
damping  ability  of  a given  material,  either  of  tho  two  mothods  of  expressing  iiar.ipSng  dtseussod 
abovs  is  satisfactory.  Whon  different  rjtcisrlsls  ora  to  be  compand,  however for  applications 
involving  stresses  remote  from  possible  fatigue  failure,  then  expremlons  which  involve  the  ratio 
of  damping  to  elastic  energy  ore  suitable  because  the  relative  moduli  of  elasticity  era  thus 
considered.  For  applications  in  which  energy  dissipation  within  the  material  Is  important  In 
order  to  keep  resonant  stresses  and  amplitudes  within  safe  values,  then  expressions  for  damping 
in  terms  of  absolute  energy  are  desirable.  At  the  some  time,  however,  consideration  must  be 
given  to  the  relative  elastic  moduli  and  also  to  the  fatigue  strengths  of  the  different  materials. 

Expressions  which  have  been  used  most  widely  for  relating  ihe  damping  and 
elastic  energies  are  the  terms  "logarithmic  decrement"  and  "specific  damping  capacity."  The 
"logarithmic  decrement"  is  the  natural  logarithm  of  the  ratio  of  the  maximum  amplitude  of  two 
successive  cycles  or  a freely  vibrating  body.  The  term  "specific  damping  capacity"  is  defined 
as  the  ratio  of  the  energy  iess  per  cycle  to  the  potential  energy  of  maximum  stress. 

For  on  expression  of  absolute  energy,  ropoi  (8)  defies  "damping  capacity11  os 
the  amount  of  work  dissipated  Into  heat  In  a unit  volume  cf  material  during  a completely 
rfev«r«ed  cycle  of  unit  stress.  "Interne!  friction"  as  used  by  Zener  (9)  refers  to  the  capacity 
of  a solid  to  convert  Its  mechanical  energy  of  vibration  Into  Internal  energy.  Their#  are 
objections  to  both  of  these  definitions  because.  as  TltvSipiSR  (3)  points  out,  they  partially 
commit  themselves  to  explanations  of  the  phenomenon  which  Is  not  of  present  well  understood. 

A term  which  may  be  used  to  axpross  absolute  energy  without  such  interpretive^ 
definition  Is  merely  "damping  energy"  which  refers  to  the  energy  dissipated  pet  cycle  of 
reversed  stress.  In  recent  papers  fey  Lexan  and  his  co-workers  this  has  been  employed  with 
various  restrictive  adjectives,.  "Total  damping  emrgy"  Is  used  to  refer  to  the  total  energy 

wim iwu  %gj  m«  ipvcimcu  pwr  cjr^iv  • inv  firm  (jumping  u c-m^u  07  m#ffi 

as  the  energy  absorbed  per  unit  volume  of  stressed  material  per  cycle,  this,  like  the  total 
damping  energy,  1*  net  s basic  unit  since  St  depends  on  the  type  of  specimen  a*  well  as  the 
stress  distribution  employed  In  the  tests.  - Finally,  the  bslc  "specific  damping  energy"  Is  the 
vibrational  energy  dissipated  per  cyc  le  per  cubic  inch  of  material  under  conditions  of 
uniform  stress. 

2 7 Lew  and  High  Stress  Damp  Ira 

Misunderstandings  and  confusion  in  regard  to  the  importance  of  different  test 

ij-i- c a.,  ft.. Jt .< _r  u.  - •* : ».  A - r .i_ij 

VWI  IMMIV#  ll  WII  • ■ • c VI  MW<M  * j v«  M«TVwng«iwiv  »i*w  ■ • rgp 

This  wot  the  result  In  tome  cases  of  the  failure  to  distinguish  between  differences  in  the  modes  of 
energy  dissipation  at  low  stresses,  up  to  a few  hundred  psi,  and  that  at  stress  levels  of 
engineering  Importance.  Low  stress  damping  Is  caused  chief iy  by  microscopic  and  macroscopic 
theneselastlc  effects,  fey  diffusion,  and  !r.  certain  materials  by  magnetic  effects.  At  High 
rimte;,  although  these  jfeove  mentioned  effects  still  contribute  to  the  total,  the  major  portion 
cf  the  energy  dissipated  is  the  resuit  of  plastic  deformation.  A lucid  discussion  of  these  various 
causes  of  energy  dissipation  U presorted  in  a series  of  articles  by  Dariing  (10)  ., 
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The  result*  of  many  «?  Hi®  •**<■! i«r  invesrignters  also  contain  conflicting  indications 


:«*et,  mis  rjsuifco 
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For  *x«~ plw,  comparison  of  the  logarithmic  decrement  o*  mar»rj«!»  *f  widely  different  moduli 
of  elasticity  will  give  different  relative  order  for  a set  of  materials  than  when  they  are 
aumpaied  on  me  bo*  is  or  specific  damping  energy  for  a given  stress.  The  major  source  of 
disagreement,  however,  In  the  comparative  rating  of  the  damping  properties  of  matarlo'f, 
probably  orate  from  failure  to  control  properly  one  or  mere  of  the  significant  variables  In  ths 
experimental  work.  Under  certain,  conditions,  ct  least,  post  work  has  shown  that  the,  following 
fenran  ittay  significantly  effect  m#  damping  properties  of  a material t frequency,  stress 
amplitude,  previous  stress  history  (number  of  cycles  at  a given  stress),  temperature,  and 
surrounding  magnetic  fields.  In  much  of  the  previous  experimental  work  performed  In  the  higher 
range  of  stress,  one  or  mors  of  these  factors  were  ignored  in  attempts  to  determine  the 
significance  of  another  variable.  Since  the  effect  of  these  factors  on  the  dumping  property 
varies  with  th»  material.  It  Is  clear  that  omission  of  their  control  in  testing  widely  ultferent 
materials  could  produce  very  conflicting  result;  In  the  relative  properties  of  the  materials. 
Following  is  a discussion  of  several  of  the  Important  test  variables.  ’ 

<5  X EU . -f  C , 

a.w  hn»»i  w»  rmgu^nwy 

A study  of  the  literature  or*  doinpino  Indicates  that  the  stress  level  of  rAeasurement 
Is  an  Important  consideration  In  a determination  °f  the  off-"®?  of  frequency.  Discussions  of  the 
frequency  effect  are  to  be  found  In  the  reviews  by  Kimball  (1)  and  Thompson  (3),  among  others. 
The  experimental  results  of  various  investigators  summarized  by  Kimbei!  show  beyond  question 
that  frequency  does  have  an  imp©'  rant  effect  on  the  magnitude  of  damping  In  the  region  of  very 
i#w  strsiMi,  Zener  (II)  has  presented  a th<»arv  for  imniMmiv  sffsei  Yt'MsIi  checks 


closely  the  experimental  results  of  ftennewitz  and  Rotter  (12).  His  theory  indi 
Ir.  damping  to  be  expected  st  a definite  intermediate  frequency  deps.^dine;  on  i 
or  other  properties  of  tfts  materia!. 


icats:  a maximum 
the  ihermoelsstic 


become* 


deer* ass  in  the  hysteresis  at  speeds  ap  |,ivMmut«'jr  120  eye!**  u«r  iVumd  oi  compared  with  that 
>.,der  static  conditions.  However,  the  results  of  Rowett  (14)  or.  fhln-walled  tubes  In  torsion 
demonstrated  that  the  energy  dissipated  is  practically  the  some  at  high  end  low  speeds.  He 
reevaluated  the  data  of  Hopkinson  and  Williams,  and  by  using  more  precise  methods  of 
calculation  h .*  showed  that  tnelr  srot'n  and  dynamic  results  agreed  closely . 

Several  other  investigators  have  since  examined  the  effect  of  frequency  in  the 
higher  sties*  range.  The  results  of  some  of  these  will  be  mentioned.  Kimball  end  Lovell  05) 

in  frtubir  mvnxrl mdinfni  ttiylu  nf  flt^ereni  r -!*•* 

and  wood)  found  fhe  logarithmic  dacremenr  to  be  entirely  Independent  of  frequency  of  stress 
or  strain  velocity  for  frequencies  between  jwo  cr  three  per  minute  up  to  fifty  per  second,  ths 
wfitlre  rwraj®  , A^iwrding  to  Fey  pi  (3;,  there  is  no  frequency  offset  except  at’  very 

law  frequencies  for  snaf;*rials  subject  to  creep,  when  ths  frequency  I*  so  low  that  rbe  strain 
velocity  and  creep  velocity  are  of  th<s  same  order  of  magnitude.  Gemont  and  ,!oc'-ion  ( 16) 
studied  the  Internal  damping  O?  ISVSi'wi  *<51  iu  uisiCvtiiv.  mK'sriali,  Ebonite,  T'slif'ii,  yi'Mrrz , 
glass,  and  -voce , ever  a frequency  range  of  0.3  to  10  cvc I n per  second,  and  found  no  effect. 
Gemant  (17)  noted  no  significant  variation  ir«  ths  damping  of  a steel  rube  at  frequencies 
between  300  and  36-1-0  cycles  per  second . Contractor  and  Thompson  (18)  In  work  or  a variety 
or  steels  found  no  effect  on  damping  over  the  frequency  range  of  450  to  /VO  cycles  per  minute. 
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The  of  Sobc-rison  ersd  Yelled!:  (19)  or.  LusHs,  Sakeiite,  plvwcad,  irvssnssluir. 

al loys,  a nlaW*l  aifoy.  a carbon  «»so' , arid  on  alley  atee! , indicated  that  ths  dampir^j  capacity 
of  materials  it  independent  of  frequency  of  stressing.  Their  tests  eovefvd  the  range  from  10  to 
70  eyelet  per  second.  It  should  fee  noted  that  !n  most  of  the  studies  described  above , the 
ireqyehuy  range  ••..wii  tgared  w®e  not  large . 

A few  experimenters  observed  e frequency  effect  In  the  hlah  strata  range,  but 
Hilt  may  hove  b^en  caused  by  failure  to  prpvdht  variation  I*  stress  amplitude  or  tens persturc  et 
the  different  frequencies.  Since  both  of  theta  factors  have  a malar  Influence  on  high  stress 
damping.,  the  effect  observed  msy  Howe  been  the  result  e?  two  or  three  factors  Instead  of 
frequency  alone.  !n  a similar  fashion,  however,  the  failure  of  tome  of  th*  previously  mentioned 
investigators  to  observe  a real  frequency  effect  may  also  hove  resulted  from  a temperature 
variation  during  the  tests. 


2.6  Effect  of  Stress  Amplitude 


in  reviewing  the  results  of  prior  Investigations,  Thompson  (3)  shows  a particularly 
pattern  leu  behavior  among  various  mnteftais  for  the  relationship  between  damping  capacity  and 
strew  magniturie.  This  may  be  due  principally  to  the  failure  of  some  experimenters  to  control 
one  or  more  significant  test  variables,  for  certain  of  the  studies  hove  shown  a much  clearer 
picture  s>  the  iffsef  of  ;■!•••  inagrmwde.  Mopxinuin  and  Williams  (13)  were  among  the  first  to 
demonstrate  the  stress  dependency.  They  found  the  energy  !rrj«  per  cycle  to  v*ry  aairoxlinctely 
cs  the  fourth  power  of  the  strew  amplitude  In  direct  stress  tests  on  a crankshaft  steel . Rowstt  (Id) 
in  torsion  tests  on  sn  annealed  hard-dr^wn  ;t?e!  in  the  form  of  thin-walied  tubes  showed  the 
variation  to  be  approximately  cs  the  third  power  of  stress.  Kimball  and  LovoU  (15)  in  rotating 
tost*  on  various  .materials  indicated  an  approximate  variation  a*  the  second  power  of  stress 


clamping 

Initial  portion  of  relatively  constant  or  slowly  Increasing  damping  followed  by  a rapid  rise 
fewyond  a given  stress  value  . Spaeth  (21),  In  a summary  of  previous  work,  indicates  that  this 
general  behavior  is  followed  by  both  Ferrous  and  non-ferrous  materials. 


For  much  e?  the  work  reported  on  the  effect  of  stress  magnitude,  linear  scales 
ware  used  to  graph  vhe  result*.  With  be  damping  plotted  os  energy  lots  per  Cycle,  the  results 
generally  satisfy  squared  or  cubic  curves  az  Indicated  above,  fn  many  cases,  however,  the 
damping  Is  exursisfd  in  terms  of  logarithmic  decrement  or  os  y , the  ratio  et  the  damping 
srKirsy  to  the  maximum  simile  energy  . »idi  ■»>$:.  a variation  of  damping  energy  lots  with 
the  square  sf  stress  gives  s constant  logarithmic  decrement  of  vibration  because  the  elastic 
energy  is  else  proportional  io  ine  square  of  the  stress.  For  s'  cubic  dependency  of  damping  an 
strew,  the  logarithmic  decrement  or  vh*  energy  ratio  plotted  linearly  versus  stress  ho*  a «t  a*gh* 

line  oresoortionelltv  wish  ttiwit.  Vf*  IW\  P«n«l  Stsnflsld.  cr.d 

Rotherham  (2),  Contractor  and  Thompson  (13),  Kuisay  and  Yorgfodi*  (23),  and  Nonstock  and 
Murray  (24),  to  mention  some  of  rhu  irrsfasrigatore,  emnloysd  this  msthod  of  piortina  test 
results.  Ths  exact  stress  relationship  is  difficult  to  determine  for  much  of  this  work,  although 
i?  appears  that  for  most  materials  the  variation  Is  to  an  exponent  great*'  than  the  second  power 


MW  ••  IS 


The  tendency  of  the  more  recent  investigators  is  to  use  logarithm?;  scale*  In  plot- 
ting ine  retv i/t . Thus  Lazor.  (25)  ir>  torsion  and  direct  sires*,  fasti  on  plastic*  using  a resonance 
method,  plotted  isserianas  amplification  factor  versus  stress,  and  indicated  an  exponent  greater 
than  2.  Kutscy  and  Yorgiodit  (23)  on  a magnesium  alioy  in  torsion  and  Lazar,  and  Yorglodit  (26) 


4 


!ft  further  tests  on  plastics  In  tension  used  the  cams  reaeseoa®  *!*?hocl  »®d  found  on  sr-penar*  s? 
onproviiitofely  3 for  both  series  of  tests.  Yorglodl*  and  Kobe -t sort  (27)  in  direct  stress  tests  on 
plywood  demonstrated  an  exponent  of  approximately  3,  Robertson  and  Yorgisdis  (19),  plotting 
damping  loss  per  cycle  versus  stress  to  logarithmic  scales,  present  evidence  that  the  variation 
Aeyid  b#  as  the  third  power  of  stress  for  a wide  variety  of  materials  from  plastics  to  alloy 
steel . Later  work  by  Sauer  and  Ol'phant  (28)  on  plastic;  disagreed  with  the  value  of  3 for  the 
stress  exponent  found  by  the  proceeding  investigators  for  a given  plastic.  They  contend  that 
pfoper  exponent  ii  approximately  2.4.  'hoy  mention  that,  eonslderitg  scatter,  this  value 
of  exponent  fits  the  data  of  Robertson  and  Yorgtadis  for  Hvs  material  as  vreii  or  better  than  the 
exponent  3, 


To  summarize  these  results,  damping  tests  made  in  Jlrecr  stress,  flexure,  and 
torsion,  by  temperature  rise,  rotating  beam,  decay,  end  resonance  methods,  over  a considerable 
range  of  tost  frequencies-  on  both  solid  and  hollow  specimens,  on  a wide  variety  of  materials 
from  wood  to  alloy  steel.*.  Indicate  that  at  least  in  on  intermediate  stress  rr.nge,  rhe  damping 
energy  varies  wltn  stress  magnitude  to  a power  In  the  range  of  2 to  3.  Whether  the  exponent 
is  the  same  for  all  materials  for  direct,  flexural,  and  torsional  stresses;  whether  in  s given 
material  It  varies  with  the  type  of  test;  whether  for  « given  type  of  stressing  It  varies  with  the 
material;  these  and  others  are  questions  still  to  be  answered  by  further  research. 


The  sudden  rise  in  damping  noyand  a certain  eriti?ol  stress,  referred  to  previously 
in  the  work  of  ludwllc,  lt.hr,  Kimball  and  Lovell,  and  others,  was  investigated  by  Darcy  (29) 
VnS  plotted  his  results  wH  5 varrery  ,»  >msi;  re  logarithmic  scales  ana  ®owm  that  his  damping 
energy  data  satisfied  exponential  relationships  with  streu  both  above  and  below  e "quae? -critical'' 
stress  for  o given  materiel . H=  found  the  dissipation  to  very  approximately  as  the  third  power 
of  the  stress  below  end  as  about  the  tenth  power  above  the  critical  stress  upon  first  loading  the 
specimen.  For  the  second  loading  he  obtained  a variation  approximately  as  the  sixth  power 
«»*■=  and  proQricoiiy  no  change  In  exponent  below  the  quasi -critical  streu.  Hanstock  and 
Murray  (24)  show  that  a very  sharp  critical  stress  exists  for  aluminum  a! leys  above  which  the 
damping  rises  at  a rapid  rate . 


An  Important  deviation  from  five  damping -streu  relationship  discussed  previously 
for  the  renge  below  any  critical  stress,  has  been  noted  by  several  investigators  in  work  on 
certain  ferromagnetic  material:.  A review  of  the  effect  of  ten'umocnstitm  or,  d 


dwndping  Is 

given  by  Fatter  (4).  A study  by  Becker  and  Kometsk!  (30)  showed  that  the  damping  ov  torsional 
csc!!!st!ore  !n  steel  wires  is  reduced  to  about  a tenth  by  applying  a longitudinal  magnetic  freid. 
Kerstsn  (31)  found  that  the  mechanics!  damping  of  « fsrro- magnetic  body  is  greatly  affected  if 
the  body  Is  magnetized  to  a degree  below  the  saturation  value.  He  showeo  that  the  damping 
is  due  to  eddy  currents  which  arise  in  the  oscillating  body  through  variations  in  magnetization 
and  which  are  coupled  with  the  mechanical  oscillation*.  The  effect  of  steady  end  alternating 

relationship  for  two  corninsricui  steels  is  shown  by 


magnetic  fields  on  the  damping-stress 
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His  Curves  for  M Cr-Mo  *Tool  dtspiuv  an  incre&we  and  then  a Meisnu  tuh^n 


plotted  versus  stress,  (he  ©norcy  loss  was  found  to  be  lower  at  all  stresses  when  a steady  field 
was  present  and  to  decrease  still  further  in  the  presence  of  an  alternating  field. 


Recent  data  by  Cochordt  (33)  concerning  a high-strength  ferromagnetic  alloy 
also  indicates  a peak  in  the  curve  of  logarithmic  deerenMri?  versus  tc.;?ona!  stress  occurring  s? 
an  intermediate  value  of  stress  when  tested  In  the  absence  o?  a magnetic  field.  With  th*  field, 
the  peak  I*  eliminated  and  the  decrement  Increase:  steadily  with  stress.  Cochardt  conclude* 
rh.sr  the  energy  dissipated  for  corisiOit:  stress  conditions,  by  tlW  mognetoitrictive  effect,  which 
represents  the  principal  rmirre  of  damping  in  high-strength  ferromagnetic  alloys,  is  found  to 
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IrvCfOOSS  !«  t©  th*  third  SSWSf  ©I  the  stfiH=  sifmseT  up  H*  ss?«  ertt!a«:  •«!«  and  ?*; 

W#s!s  9i*lniiqi  iy  esmTditf  rh«(C?ftis  • 

2=7  Sfrs*'»  of  Strasi  History 

A^sng  those  whs  «*»?d!c4  tfs*  sf  stress  history  upon  damphig  cooocify  In  tbs 
hlghor  rang©  of  stresses  wet  Ludwtk  (34)  who  observed  n,»;  on  Increase  and  man  a decrease  with 
of  cycles  In  the  energy  sSylsstion  for  s Cf-N|  ■«**!  tiwjebme  to  licrtlgw  «t rawing  at 
oenstsnt  strew  amplitude.  He  employed  a method  In  which  the  temperature  fha  In  the  ipecli^cr. 
It  measured.  For  a carbon  steal  at  the  higher  stresses  he  observed  a continuous  Increase  In  the 


decrement  for  a single  crystal  of  xlne  with  time  of  vibration  when  the  strain  amplitude  was 


irick  and  PHHItpa  (37)  and  Lax  an  (25)  noted  a decrees#'  in  dsmplr^durlns  the 
vibration  c?  • tins  aluminum  alloys.  Stainless  s*s©t  turbine  ©lades  were  found  by  Giikman  and 
srrlnberp  (38)  to  hove  decreased  in  damping  as  a result  of  Song  service.  VVlilis.  (3?)  nMua 
tsefs  on  four  gas  turbine  bucket  materials  conducted  at  elevated  temperatures.  He  found  that 
twO'Ssaterlal*  with  extremely  High  in!M«!  dreeing  tended  ts  lose  a Jorge  portion  of  if  with 
wring  rime.  The  other  materials  showed  aampins  chafes  of  as  lore*  ss  25  per  cent.  Seth 
Inutsusleg  and  decreralna  trends  *«i«»  or#**  history  were  observed.  Meet  cf  ths  dots  wore  tskur. 
beisw  the  fatigue  strengths,  nonstock  end  Murray  (24)  found  that  an  aluminum  alloy  heat 
treated  to  a condition  of  optimum  mechanical  properties  increased  in  damping  capacity  during 
vibration.  Two  aluminum  alley?  containing  mogneslum,  investigated  by  nonstock  (40),  decreasod 
In  the  ratio  of  damping  to  elastic  energy  until  failure  ac sored  In  constant  straw  fatigue  tests. 
Other  Instances  of  a change  In  Popping  properties  during  high  strew  fatigue  testing  have  also 
been  reported. 


Brick  and  Phillips  {IT}  studied  Conges  in  the  damping  of  Aided  24ST  alloy 
during  th#  oowf±e  of  fatigue  tests.  By  means  of  decay  tests,  they  determined  the  rslatlsrohip 
between  specific  damping  and  stress  after  various  numbers  of  cycles  at  levels  above  and  below 
the  fatigue  strength.  Fatigue  strewing  above  »he  endurance  l-ms?  rherpiy  decreased  the  damping 
at  high  stresses*  As  failure  became  Imminent,  t.e.,  latlgus  cracks  ware  propog efed  1st?  the 
ssfsi  the  damping  at  low  strops  greatly  increased.  They  associated  the  observed  change* 
With  work  hsrd*n?os  and  ^racklna. 


Hscaroek  a?d  Murray  (24)  in  explaining  the  changes  in  damping  of  aluminum  alloy- 
with  Conrinuod  ?»it»i7«!f;ng  stressing  at  c value  above  a certain.  crlUcol  stress  also  attribute  the 
changes  to  strain  hardening  and  fatigue.  They  ascoclat*  sha! * hardening  with  a gradual 
deerao«e  end  progressing  fatigue  failure  with  a gradual  increcsa  in  uamplno  eaaoclry.  They 
postulate  that  increase  In  damning  aeeur«  «*  a result  of  the  foirsatlon  cf  fatigue  cracks. 

A! jjiis  ««ip)gnail9n  may  s«c-  smisfocTery  for  me  aiuminu**  alloys,  it  would  appear  unable 
to  explain  fully  such  a behavior  os  an  Insrsas  in  damping  followed  by  s decrease  before  failure 
or  some  of  the  other  csmpiox  patterns  wh  •ch  !'mt«  been  observed  recently  In  the  effect  of  stress 
historv  on  domolna. 

r r e 

2.S  Peiping  and  Fatigue 


or 

and  Luzon  {2U)  summarizes  the  results  cf  numerous  invest! gofer?  ovaiirg 
of  both  high  end  low  stress  damping  to  the  fatigue  properties  e?  = moterlsi  Changes  in  law 


stress  damping  as  on  indication  of  fatigue  gr9  no*  consldsrad  reliable  boo --uso  if  ths  sensitivity 
of  »hii  pn>«9rty  Jo  many  factors  oft«r  than  fotiguo  it  rowing . The  review  Hsntiwes  a|^«« 
nowovor,  dees  :.i^;=«ra  that  there  may  b*  soma  connection  between  the  fatigue  strength 
and  the  sudden  Inereas  in  damping  at  a particular  level  In  the  high  stre«*  region  discussed 
previously  * 


0®f5V  slid  demonstrated  Hitt  dependence  for  steel*.  ku’/  <knw»d  that  far  hi*  ^stsr'sU 
cf  ms  " quasi -ort  tied"  struts  was  not  affected  by  straw  History,  The  »tre««  at  whir 
increase  in  domains  occurs  was  founc^  In  ssnerai # to  be  balaw  tha  fatigue  strengths  for 
both  ferrous  and  non  “farrow  materials.  Poppi  (8)  indleotad  this  in  Ms  work#  but  pointad  out  that 

« .1  I alia  a i _ a . a a ..  ..  * 
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soma  spacimans  withstood  many  million  reversal*  slightly  above  the  critical  deformation  point, 
and  as  he  did  not  connect  it  with  ins  torsional  fatigue  strength.  Srophy  (4i>  studied  toe  relation 
between  ooniolna  eaeaelty  and  fatigue#  but  drew  no  general  conclusions  from  hit  test  results# 

saylnf  vdy  m«t  H'gn  damping  vapacily  is  usuciiy  associated  with  iow  fatigue  i!n»i«»-  r^!*  ?§ 

dependent  upon  the  material#  however. 


To  generalize#  e possible  association  is  indicated  between  changes  In  high  stress 
dumping  os  e function  of  stress  magnitude  enri/cr  stress  Kiisefy  end  Impas-id-ng  fatigue  failure, 
but  more  work  is  needed  to  clarify  any  such  association. 

2.9  Damping  and  Elasticity 

in  any  study  of  the  damping  capacity  of  p materia!  # knowledge  of  the  dynamic 
stiffness  behavior  is  also  desirable.  For  Interpretation  of  damping  data  by  certain  methods  of 
determination#  It  Is  necessary  to  make  certain  auumciloni  concerning  the  ostu~  cf  the  d^s“!c 
modulus  of  elasticity.  It  is  often  assumed  for  this  purpose  and  for  ether  applications  that  the 
dynamic  modulus  has  a constant  value  Identical  with  the  static  modulus  cf  s materia!,  ir. 
general  this  is  net  true,  tor  the  dynamic  modulus  of  elasticity  or  the  ratio  of  stress  to  strain 
effective  during  a vibration  Is  usually  lower  than  the  static  modulus#  but  may  under  certain 
conditions  be  greater  than  that  value . 


Lazan  (25)  presents  a discussion  of  four  main  reasons  for  the  deviation  between 
the  eymsm.c  end  static  mow.#;!  of  elasticity.  These  qiv  temperature  increase  caused  fey  dampinj 
hcst£:-<§sU-!c^ distortions#  cold  working#  and  ^'mcdynamSc  effects.  Because  of  dissipation 
of  part  of  me  vibrotlonai  energy  through  heat,  cyclic  stressing  of  materials  may  raise  their 
tomnera*u:~.  Since  the  mechanical  properties  of  materiel:  arc  a function  cf  «pec!me!> 
temperature#  the  dynamic  modulus  of  elasticity  also  deviates  from  the  static  value.  This  fcctor 
has  only  o smoii  Influence  on  the  dynamic  moduli  of  metallic  materials#  but  in  general  an 

IfnDlVtOAt  AAii  tf%  Hio  rmo  Af  rdr«*»| 


A materia!  Which  displays  a curved  re w -strain  relationship  or  a significant 
hysteresis  loop  In  a given  s*r*s?  range  does  nor  possess  a constant  modulus  cf  elasticity.  The 
variation  In  the  tangen*  or  seccr.f  modulus  during  « cycle  of  strew  depend*  on  the  area  within 
th®  hysteresis  loop  and#  therefore#  increases  with  Increasing  mognifude  of  stress.  The  dynamic 
modulus  of  elasticity  far  a given  strew  «yc!*.  which  associates  the  aitomatlng  stress  with  the 
corresponding  aiterrietlf-g  strain#  !»  a ?5#(«  vacant  modulus.  Materials  possessing  nigh  damping 
00030}  »v  should  have  z lower  dynamic  fha„  uuiic  tangent  modulus  es  the  stress  tncreasss.  Du* 
to  this  factor  sn  rr.stcSs  which  diow  the  domylng  increasing  rapidly  after  a given  value 

of  strew,  tha  dynamic  modulus  should  beam  to  decrease  rat  Her  vyirpi y of  ffss  same  point. 
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tsuss  3 miner  char?=c  !n  modulus  of  elasticity.  In  certain  alley*,  furthermore,  the  cyclic  stress 
ears  accelerate  the  process  «?  natural  aging  and  precipitation,,  see  Hansmcfc  (40) which  in 
•oaw  =^*s  may  also  souse  a sHa«e=  mc&lus.  These  effects  would  probably  couse  only  a 
m Sstiroi y snr=!i  change. 

Laviiy*  the  defenni notion  of  the  static  iood-defiection  curve  of  a material  proceeds 
slowly  enough  to  permit  the  assumption  that  the  specimen  Is  always  at  room  temperature . The 
Static  modulus  of  elasticity  Is  thy*  essentially  the  Isothermal  value . During  cyclic  stressing , 
however,  the  alternating  strains  may  occur  too  rapidly  to  allow  thermal  equilibrium  to  be 
abtelnad,  and  the  vibration  Is  Rrsre  nearly  odlaooi'c  in  nature.  This  behavior  requires  the 
Specimen  to  undergo  cyclic  temperature  changes  at  the  vibration  frequency.  These  temperature 
tmangot  causa  contraction  and  expansion  In  the  specimen,  resulting  In  the  effective  or  adiabatic 
msduius  being  slightly  higher  then  the  Isothermal  value.  For  most  materials,  however,  the 
difference  between  dyramlc  and  static  modus  I due  to  thSs  cause  U only  of  the  order  of  one  per 
cant. 

In  many  of  the  lew  stress  damping  eanoniry  «r  Interns!  friction  studio:,  the 
variation  of  tHe  elastic  moduli  wore  also  determined.  Ffevrevar,  few  of  the  Investigators 
s-raaemed  with  high  stress  damping  dealt  with  the  dynamic  modulus  «f  elasticity  until  more 
recent  years.  Among  those  who  presented  dote  on  the  variation  of  dynamic  modulus  of  elasticity 
with  stress  Is  U»"  {^Sr  whs  ssw;ss  that  rr.a  desi'easo  in  the  modulus  of  rigidity  with  stress  for 
various  pantiles  can  an  os  much  as  40  per  cent  below  the  static  modulus.  For  an  aluminum 
allay,  however,  his  data  Indicated  p.  ralativeiy  constant  dynamic  modulus  of  elasticity  over  the 
stress  range  Investigated.  Kwtsay  and  Yorgiodis  (23)  In  torsion  test?  on  two  magnesium  alloys 
swum  the  effect  of  oni<*  work  (number  of  fatigue  eyelet  at  a given  stress;  on  the  dynamic 
modulus  of  rigidity.  Among  other  observation*,  •‘hey  concluded  for  the  materia!*  tested  that 


that  the  curves  ora  reletively  osnstont  for  c range  of  stress  amplitudes  and  than  begin  to  deviate 
rather  dsarpiy  downward.  This  behavior  is  to  be  expected  In  certain  cases  as  mentioned 

previously.  Similar  behavior  we  obtained  :r;  ths  >cr..!wn  invuvi!  ui 

elsdiSity  far  SAF  X413G,  a magnesium  alloy,  and  bokolite.  Little  discussion  a»  these  results 
wes  presented  by  the  authors. 

2.(0  elcarieity  a?rd  Fattgoe 

Few,  if  any,  of  the  previous  Investigations  have  attempted  to  associate  arty  point 
on  the  dynuniic  modulus  versus  stress  curve  with  me  fatigue  limit  of  a material  , bur  sevartil 
investigators  have  noted  a onsaihie  roonertinn  between  ihc  f=t:g::c  !?r.!t  cf  v=r;o-i  -.ctcrfeli 
the  dynamic  stiffness  a*  evidenced  by  a dyrtsmis  stress-strain  or  Sojd=doflssnen  curve.  The 
ravlaw  by  ytfoveo  end  U san  (20)  sum-. arises  the  work  In  this  field  by  Smith  (42),  Gooah  <4g), 
rvCw  Jmwr  n (44),  and  waton  (45),  onwna  other*.  The  experiments  -hawed.  In  general,  t-c-t  the 
dynamic  proportional  limit  !«  a Httfe  higher  than  the  fotlgus  limit,  ‘hot  It  ylve*  apnra-lmara 
value*  for  the  fatigue  limit  for  both  stasis  and  certain  nonfiiinos  metals,  but  net  for  aluminum 
“■  '°p  Hswsvsr,  in  considering  >he  relafionwslp  festafann  *?=»  dynamic  proar-rtlcnai  limit  and 
the  fatigue  limit,  the  several  factors  which  affect  th»  proportional  iimir  musir  b«  carefully 
weighed.  A.n-:>ng  these  ore  strain-hardening  effects  caused  hy  stress  Mttory,  effect  cf  strain 
rote,  end  as  In  oil  propertlone!  limit  d stem! nations,  the  accuracy  of  tsstlr^  wh’sh  affects 


* • A 


significant! v the  pin?  where  nenMnssrftv  lz  fir:;  cfeservad.  At  =r™.^r  t*;sr*  U r»&t  ii  Very 
sitter  piety**  $?  !«e  association  between  dynamic  stiffness  and  'origin. 
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NOLOGY  OF  WORK  DONE  ST  THE  miNNESOTA  GROUP  ON 
AMPINQ,.. ELASTICITY,  AND  FATIGUE  FROPERTiiS 


Early  work  ws*  sascemed  with  the  development  cf  new,  rotating  beam  equipment 
end  re  son  am*  vibration  machines  for  the  study  of  the  damping,  elasticity  and  fatigue  properties 
of  matariiii.  A;  initial  study  by  Lazon  (46)  elescrlked  the  rotating  beam  equipment  end  reported 
on  the  dynamic  properties  of  mild  steei  determined  through  Its  mo.  Test  data  indicates!  the 


. _ ;?y,  wftereas  stress  applied  between  this  newly 

eynit®  §*r?:*  S**!t!y!'"  limit  -rj  thw  fatigue  iSmis  inci^ssso  damping  as  much  as  2500  per  cent 
and  reduced  the  mod  ium  os  much  as  1 1 per  cent.  Using  equations  derived  from  hysteresis  loop 
It  was  shews  fhst  the  decrease  in  dynamic  n?aduiu*  of  elasticity  cvn  be  predicted 
with  reasonable  accuracy  from  the  Increase  In  damping  capacity.  Exploratory  tests  on  variable 
stress  histories-  overloading,  underloading,  rest,  speed,  and  other  variables  were  described. 


A later  investigation  by  Lcssn  and  VVw  (47)  more  intensively  studied  the  dynamic 
properties  or  mild  steel  at  dynamic  stress  Invsii  In  the  range  from  approximately  60  to  \'JQ  per 
cent  of  the  fatigue  limit.  In  this  study,  as  in  the  previous  one,  measurements  were  mode  on  the 
damping  and  stiffness  properties  during  the  course  of  fatigue  tests  at  constant  stress.  Data  on  tire 
affect  of  several  important  test  variables  such  as  stress  magnitude,  history,  frequency,  and  rest 
were  obtained.  The  existence  of  a cyclic  stress  sensitivity  limit  for  the  damping  properties  of 
miid  *r*ei  was  eo^flrued.  This  is  a stress  below  which  damping  is  Independent  of  stress  history. 
For  mild  steal  1 he  location  of  the  cyclic  stress  sensitivity  limit  was  reported  at  approximately 
80  per  cent  of  the  fatigue  limit . Above  this  stress  In  this  material  the  damping  generally 
Increases  and  the  dynamic  modulus  of  elasticity  decreases  with  stress  historyata  given  stress 
level.  Furthermore,  c p?s..-eunced  increase  In  the  rate  of  change  of  damping  with  stress  occurs 

«.S  «kL.—  If—  -e , .sis.  is  - ••  • ; 

im  '«rvik  «ir«ni  MRsuiviry  ntnif  in  nua  liM!. 

Dynamic  ifress-st-aln  relations  were  also  studied  in  detail  in  the  work  on  mild 
steei  fey  Lozan  and  Wu.  They  found  that  the  dynamic  proportions!  limit  cf  the  virgin  specimen* 
was  near  ths  fatigue  strength  of  the  mils  steel . They  observed  that  the  damping  and  dynamic 
modulus  of  this  material  are  insensitive  to  frequency  below  the  dynamic  proportional  limit,  but 
are  dependent  or*  hssjissy  above  ft.  They  found  mat  sires*  history  had  an  effect  on  the 
dynamic  proportional  'in*!?,  and  the  limit  Mcranu>ri  with  number  «■.«?  .»»«  cycle;  for  ;trc^c; 
above  the  cyciic  stress  sensitivity  iimit.  The  frequency  investigation  covered  rim  range  from 
0.05  to  10,000  cycles  per  minute.  Frequency  sensitivity  data  wei*  n!srr  presented  in  terms  cf 
•train  rate  and  flow  stress  . 


The  effect  of  tarns*  rqiy  re  on  the  dynamic  properties  of  several  heat-resistant 
materials  was  studied  by  Lazar.  and  Demer  *48}  In  ?ho  h i gi>  stress  region  using  the  rotating  beam 

Various  patterns  were  obsorvod  in  the 


equipment  adapted  to  elevated  temperature  studies, 
behavior  of  the  damping  and  elasticity  properti?*  during  the  constanr 
engineering  stress  level*  ot  and  various  elevated  temperatures. 


srress  tests  carried  out  at 
For  css  I material;  and  at 


a!i  ten^roteres  Investigated , tn*  mny  diisicana  by  Increased  rapidly  with 

at  values  diom  is  the  fatigue  '4rengfh  of  a moterloi.  Cyclic  stress  sensitivity  Hstite  we/s  net 
determined  for  these  materials;  at!  the  tests  we re  carried  cot  at  higher  stress . Exponent*  for 
the  variation  of  damping  with  stress  determined  from  the  ra suits  of  those  tests  varied  for  the 
different  materisis  ot  the  different  temperatures  fr>r.  values  os  low  52  e^akimateiy  2 to  Oc 
iii  Ijr:  as  25  !r,  one  case . 


Various  patterns  were  observed  by  Lazan  and  Demer  in  the  variation  e?  damping 
burina  a reversed  cyclic  stress  test  at  a given  level.  Depending  upon  the  material  and'ih* 
temperature,,  the  damping  energy  may  decrease , remain  the  some.  Increase,  or  have  o complex 
pattern  of  insrecee  and  decrease,  or  decrease  end  increase,  as  the  number  of  stress  cycles  is 
increcsed.  Them  was  iru>  regular  behcvlo.  for  oil  materials,  and  changes  of  substantial  magnitude 
were  found  te  robe  place  at  streams  below  the  fatigue  strengths.  In  general,  the  changes  In 
dynamic  modulus  ef  elasticity  were  reciprocal  to  the  changes  in  damping  energy.  All  of  the 
damping  and  elasticity  readings  were  te&en  at  a frequency  of  20  cycles  per  minute,  sod  no 
effect  ef  frequency  was  Investigated. 


A more  date! hid  study  of  rhe  effect  of  tenperature  on  the  dynamic  properties  of  c 
particular  materiel  was  mod*  av  Denser  and  Ln*m  (4®).-  (50)  •“Ing  the  heat -resistant  allay  N-155, 
This  wc*  iRvaatlgsrf*^  at  thfue  temperatures!  room,  1330  F,  end  1500  F ever  a wider 

stress  range  than  in  the  stud;/  iunt  described.  The  results  revaeisd  the  existence  «f  a cyclic  stress 
sensitivity  limit  for  damping  at  all  three  temperatures  with  roughly  similar  damping -stress 
re!sit;sreh!ps  f~r  -;nrr”=h*=  spxaiumns.  The  cyclic  stress  sensiriviry  iimit  occurred  between 
approximately  43  nnd  35  per  cent  of  the  fatigue  strength  at  a given  temperature.  Damping  was 
te  vary  nearly  as  the  cube  of  die  stress  magnitude  at  ail  three  temperatures  for  stresses 
be!«v?  the  cyclic  stress  sensitivity  limit,  Ssyond  that  stress,  the  damplrif]  curvet  at  all  three 
terrpsrvturcs  were  agoinaoproximareiv  linear  on  a iog  (damping  versus  log  stress  plot,  but  with 
much  steeper  slopes  In  most  cases.  The  slopes  were  In  the  range  of  from  4 to  10,  with  the  value 
depending  «?>  the  strew.  history  and  temperature . At  1500  F,  stress  history  hod  only  a small  effect 
on  damping  ab eve  the  cyclic  stress  sensitivity  limit;  at  1350  F,  the  damping  decreased  with  stress 
nisteryl  end  ef  loom  temperature,  both  Increasing  and  decreasing  tendencies  were  observed 
depfi&£r,§  on  the  level  of  stress  above  «h*  cyclic  stress  sensitivity  limit. 


Changes  in  me  dynamic  modulus  of  elasticity  cf  N-155  were  also  noted  in  mo 
work  by  Demer  as*d  tesan.  The  curves  of  dynamic  modulus  versus  stress  showed  that  at  1350  F 
and  room  temperefture  there  wan  a pronounced  decrease  in  modulus  beginning  at  stresses  roughly 
70  - 75  per  cant  of  the  fatigue  strength,  but  «t  13QG  ? th*  dynamic  modulus  changed  SI  trie  up 
to  tha  fatigue  strength  . A*  higher  stresses  there  was  or.  Ini  flu!  decrease  fallowed  fev  g meojuie- 
^le  Increase  in  dynamic  modulus  as  o result  of  stress  history. 


Tests  were  sisc  made  en  N-155  using  notched  specimens.  Wish  these,  up  to  the 
saint  where  cracking  occurred  during  the  fatigue  *•«?,  stress  history  had  r.s  effect  or.  camping 
or  stiffness  even  ot  thn  highest  stress  employed.  The  exponent  0?  the  !ca  domains  versus  !oa 
srress  relationship  for  the  notched  specimen*  was  approximately  the  same  at  all  three  temper--” 
svuret,  5.0. 


Aa  *[ 
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of  N-155  at  the  three  rest  temperatures  was  sought  In  this  study.  At  1500  F th*  fatigue  sfrsngth 
©?  the  unmatched  tpacinwini  was  vary  close  :s  the  dynamic  cropoi  <!ona!  limit,  whereas  at  the 


analysis 

bending  fatigue  notch  sensitivity  at  th-  three  temperatures . 
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elasticity,  and  fatigue  irfspertles  of  2*S-T4  aluminum  al'.ay  and  miid  st*«;  yr»d®r  progressively 
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IV.  SP|G»P!C  OiJfCTIVESOF  INVESTIGATION 


Determination  »f  the  a®n®rn|!»v  of  certain  of  Hi#  observations  made  Irs  the  previous 
work  on  mi  id  steel  and  the  heat-resistant  a?ioys,  and  passible  explanation  for  the  behaviors 
noted  were  chosen  as  the  next  phase  of  the  broad  Investigation  at  she  University  of  M4nnescia. 

It  was  decided  to  apoly  ihe  rotating  beam  damping,  elasticity,  and  fatigue  tests,  at  room 
temperature,  using  a fixed  frequency  for  the  damping  end  eiostlolty  observations,  to  materials  of 
various  type*,  extending  the  tests  over  a wide  range  of  stress  to  determine,  if  possible,  any 
general  laws  of  behavior  which  may  exist.  By  corefui  can}*©?  ef  various  fasten  found  to  affect 
damping  and  dynamic  modulus  it  was  hopes?  to  uncover  Inconsistencies  in  the  results  of  some 
proviso;  I investigators  as  wo!  I cs  to  c!ur!«y  any  *ir>«rcii»*H  behavior  ii*nJ>  In  m*  war*  of  other*, 
work  rs  sorted  herein  Is  confined  to  the  properties  under  sustained  cyclic  strew  of  constant 

nfiMjftim. 

The  specific  objectives  of  this  Investigation  of  a group  of  various  metallic 
engineering  materials  were: 


(a)  to  study  the  variation  o?  damping  and  dynamic  modulus  with  stress  hisiory 

over  a wide  range  of  stress  magnitudes; 

(b)  to  Investigate  the  generality  of  the  existence  of  a cyclic  stress  sensitivity 

limit  at  observed  far  S.AE  1020  ateci  (47); 

(9)  to  compare  the  relative  damping  and  stiffness  properties  of  the  various 
materials; 

(d)  to  correlate  the  changes  in  damping  with  the  change;  in  dynamic  modulus; 
Slid 


{#}  to  discover  any  possible  relationship  between  the  damping  or  stiffness 
properties  and  the  fatigue  strength; . 


wVjr 


” Investigation  of  the  effect  of  frequency  on  the  dynamic  properties  of  materials 
id  Sii  ihia  paper. 


is 


V,  EXPERIMENTAL  PROGRAM 


5-1  Tgai  Materlo!; 

Materials  chaser.  for  this  study  were  gray  east  Iron;  Sandvik  steeL  a hleh  carbon 
nrmtorlci , !n  bath  the  normalized  and  the  quenched  end  tempered  oondtilons,  N-flS,  a 
heat-resistant  alley;  24S-V4  aluminum  a!  •ey;  J— • tessgnes.  cme  ...  ^ 1 0 #.u*-  , i 

eemparlKHi  purpose;.  This  selection  was  made  to  provide  a variety  In  types  as  well  as  to  saver 
a s?lde  range  ©?  fatigue  strengths, 

r'"»«i(i  an  the  chemical  composition?  prctwii re;  and  uwnrw!  ii«uimr  ^ of  the 
materlsls  are  atrsn  In  fable  I . The  static  phy*?*"!  properties  'attained  In  standard  tension  rests 
or#  reported  In  Table  II.  These  values  are  the  overage  ov  two  or  more  tests.  In  preparing  the 
Sendvik  steel  materials  It  was  Intended  to  obtain  both  the  normalised  and  the  quenched  end 
tempered  blanks  with  me  same  hardness.  This  goal  mi  exactly  achieved;  the  SMN  far  the 
fmsUsed  pieces  was  approximately  3QS  and  for  the  quenched  and  tempered  lot.  415. 


5.2  Test  Specimens 


r*  t 


Urmetchad  cyilnslrisec  rest  specimens  of  me  typo  shown  in  rig.  1 were  used  In 
erfc . In  the  figure  am  given  the  dtraentionc  of  the  specimens  used  f-r  each  maiwid. 


mss 

Various  spec!  man  sizes  were  used  in  order  that  the  required  leads  might  be  within  the  limitations 
sf  the  testing  msekiasr..  The  specitnens  were  rapersd  so  rhar  under  the  eanriiever  ioading 
impeeed  by  the  machine,  the  outer  surface  of  the  entire  length  ef  the  test  section  would  be 
subjected  to  the  same  peok  stress. 

All  specimens  were  carefully  prepared  so  as  to  assure  a smooth  specimen  surface 
free  from  cold  work  end  internal  stress.  The  specimens  were  machined  and  then  polished  with 
successively  finer  abrasive*  In  such  a way  that  fine  scratches  remaining  were  In  a longitudinal 
direction.  For  addition**!  details  or.  the  preparation  of  the  unnotched  specimens  sea  Apfmndlx 
A.  The  specimens  were  not  given  any  thermal  treatment  after  machining. 


3.3  Test  Equipment 

Recent  publications  (46).  (47)  have  given  detailed  descriptors  sf  the  rotating 
cantilever  equipment  employed  In  performing  the  fatigue  tests.  The  methods  for  determination 
of  the  damping  and  elasticity  properties  from  roodincs  taken  during  the  coyne  of  u>«h  const ant 
stress  tests  arc  i~!sSr,sd  |r.  *[5.051  iu  Appendix  S of  this  report. 

4.4  Tosh  Pim^midi tee 


I f-^t 

jna  rami' 


Each  of  the  seven  materials  was  tested  in  the  rotating  beam  damping,  elasticity, 
ub  muchios!,  Damping  energy  and  dynamic  modulus  of  alustScl'y  measured  at 

Let s..4  * - * * ... 
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intervals  during  such  constant  stress  magnitude  fatigue  ?a*t.  $*v-ra‘  sire&s’bvels  Is*.  Sa  vicinity 
of  me  fafigue  !irr.?t  or  me  Song  time  fatigue  strength  were  used  to  determine  the  S-N  curve. 
Tests  above  the  fatigue  limit  were  carried  to  fatigue  fracture,  where®*  ?*gt*  below  the  fatigue 
limit  wars  Continued,  in  mast  until  the  damping  energy  did  not  change  significantly 

with  number  of  stress  cycles.  For  -dsoplny  data  In  the  Sow  stress  range,  one  sr  two  specimens 
o?  seen  material  were  used  to  obtain  damping  values  at  severe!  different  stress  live!?. 


The  genera:  procedure  for  conducting  the  constant  load  rote  ting  cantilever  keom 
fatigue  tests  has  b«eo  described  In  previous  publications  (46),  (47),  (48)  and  will  be  oiT.in~d 
hare,  it  should  be  noted,  however,  the?  oil  of  the  readings  for  damping  and  elasticity  were 
taken  at  20  rpm.  Various  testing  speeds  <n  the  range  from  20  to  1500  rpm  were  tied  between 
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«r«»?  te  bi»p  the  lower  stress  tests  to  a r#o8«vai)lfi  duration 
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VI.  (AruiiinimiAL  RESULTS 


6.1  Fatigue  Properties 


In  Pin 

"•  • ** 

U.iM> 


Cenv^FitSsrHi!  S-N  fatigue  curve*  for  aij  materia!  \ tested  in  this  si’udv  ore  show* 
# Sjpsss  U plaited  ic  a logarithmic  stole  to  facilitate  comport  son  of  the  materials 


vrJtft  wiss.v  difierenf  iviijgu*  propsrrles^  ihe  plotted  points  represent  cycler  to  complete 
fracture.  The  fatigue  strength*  at  2 x 10'  cycles,  as  determined  from  these  curves,  are  given 
In  7abie.ll . it  should  be  noted  that  relatively  few  so*  cl  men*  wore  used  for  each  curve,  that 
iSssiwFTn  vi  uitrweni  uianieisn  w*i.re  vested  for  the  various  sssisrlds,  and  that  the  testing 
speed  employed  vailed  in  the  range  from  2D  to  1500  rpm.  Obviously,,  the  gray  Iron  tested  was 
not  ot  I high  strength  , but  no  attempt  was  made  to  secure  the  optimum  r/>ct*r!s!  in  each  class 
’or  that#  tests. 

6.2  Damply  Pfogwrtlsis 

Defection  measurements  mode  rn  a target  In  tha  e«sd  of  the  loading  arm  p:  vriclifg 
m»  rowing  fe«*r.  tpsesmen,  upon  reverts!  w?  director  of  rotation  * provide  data  for  deter- 
ml naln  the  totai  damping  energy  in  in-lb  o#,r  eye  i s beln^  dissipated  !n  the  entire  specimen. 
Since  the  test  section  Is  subjected  to  rotating  bending  conditions',  the  stress  varies  from  sere  ot 
the  center  to  a maximum  at  the  outer  periphery.  Th»«*,  total  damping  energy  Is  not  a basic 
i^easurement  of  damping  energy  sine  i It  depend;  on  the  type  ot  ipecimen  and  ths  strss 
distribution.  Furihennora,  the  total  damping  includes  aLc  the  energy  dissipation  in  the  fillets. 

The  data  of  Fjg.  3,  far  ens  c>f  the  materials,  are  presantea  to  show  the  type  of 
original  data  obtained  in  these  tests,  in  this  figure,  each  curve  shows  the  damping  data 
obtained  during  a fatigue  test  on  a single  specimen,  it  is  to  be  noted  that  the  dompina  Is 
.unaffected  by  nuv^b^r  v<  cycles  below  a certain  value  of  stress.  Above  this  limiting  stress  the 
damping  changes  significantly  even  in  those  specimens  which  did  not  fall  In  moire  than  30 
million  cycles  of  stress. 

?«r  the  other  materials  Invert igci«d.  different  ootterns  for  the  damping  behavior 
were  obtained  ct  shewn  in  r;g.  4.  Due  to  *par-T  limitations,  the  original  observations  have 
been  omitted  from  this  figure  and  only  the  curves  themselves  are  shown.  One  characteristic 
common  to  air  ef  these  materials  is  that  In  the  lower  stress  ranges,  the  damping  is  unaffected 
by  stress  history.  3 hi*  indicates  a cyclic  stress  sensitivity  lirr.it  for  each  of  the  materials  tested. 


AC 
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and  the  J-i  magnesium  alloy  the  cyclic  stres*  rouses  first  an  increase  and  then  a decrease  in 
the  domplnn  buch  dissimilarity  as  the  above,  and  even  still  different  por.*Min?  were  previously 
noted  (4S)  for  near -resistant  materials  in  .is®  islgh  stress  re^Scn.  Although,  in  most  cases,  -he 
acnsful  pattern  of  change  far  a givs^  muisrird  |:  Independent  of  straa?  levs  I,  ih!  s is  not  always 
rrus.  For  exomp-e,  with  ot  stresses  above  the  cyclic  strest  s^nsitivify  limit  but  below 


SWUf  i 10  ps f 4«r}  of  the  fatigue  limit,  ev«'.!!c  straw  ceuabi  n dsssai  !n  dqmlno  . wn«r»m; 
rf  nig^if  sCre«i»i  iri«  reverse  3#  tf«2. 

•r»  Anpe.**h*  S of  this  paper  a msfhod  It  described  for  converting  the  h .'I  damping 
enetny  data  presented  in  Fig*.  3 and  A to  specific  damping  g*sr«".  As  used  hors,  specific 
J5?'^  «K«Jey  f*  &*  energy  •ii5j:orf«d  per  cubic  Inch  of  material  under  conditions  of  uniform 
direct  straw.  Tf  is  the  denying  ‘associated  with  o given  unit  strew  end  is  expressed  in  in-lb  per 
cu  in.  ssr  «veis. 

s v ~ - 

Specific  damping  energy  dots  for  the  various  materiel*  are  shown  In  Fla.  5 in  the 
form  ef  o iog-iog  diagram  os  a function  of  stress.  The  values  In  the  high  stress  ranges  were 
determined  from  data  mown  In  Fie.  A.  For  the  lower  range  of  stress,  considerably  below  the 
eyellc  stress  sensitivity  limit,  the  damping  date  were  obtained  by  testing  individual  specimens 
at  various  stress  levels.  This  procedure  is  valid  since  In  this  range  there  Is  no  effect  duo  fa 
stress  history. 


All  A?  hUa.  m^lMnn  ^omn  rlruMAlmn  am#I  elxsal” el #u  AiIm ned  
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Th#  previous  Investigation  of  mild  steel  (47)  shewed  no  frequency  effect  In  the  range  below 
rho  cyclic  s!*®«*  sensitivity  limit.  A few  exploratory  tests,  however,  indicots  In  the  case  of 
some  other  moterisis,  notably  magnesium  end  aluminum,  that  Important  frequency  effects  may 
“--id  the  ry?l*c  stress  sensitivity  limit,  it  it  imaartant  to  rem*tmher  that  th#*a  Mtijin 

cstd  relative  properties  of  these  ,7.“*«i»ol»  or*  only  for  tf;s  fnen  ,ey  of  20  cycles  p#r  minute. 

The  effect  ©f  troouancy  on  the  Jynom  1«  properties  c<  materials  will  be  reported  In  e subsequent 
paper. 


|h#i«  a—  sovora!  Important  character Jsflcs  of  the  results  shown  in  Fig.  S which 
should  be  emphasised . First,  as  previously  noted,  ocparanrly  ail  a?  the  materials  tested 
display  a cyclic  stress  rersslflvlrv  limit  for  damping..  f^or  the  and  aluminum  alleys, 

the  eyesio  stress  sensitivity  I left  Is  «a*  sharply  defined . The  accuracy  of  its  determination 
**F*f“s  S«ffw|jr  on  the  number  of  specimens  tested  In  that  stress  range  end  upon  the  scatter  In 
She  damping;  dote.  For  gray  Iron,  stress  history  has  the  smallest  effect  of  any  c?  the  materiel: 
dtewn.  in  the  high  strew  range  with  mis  msrsns:  than?  ~~  only  relatively  small  changes  In 
damping  due  to  this  factor.  The  location  of  any  definite  cyclic  stress  sensitivity  limit  for  this 
materia!  j-s  therefore  difficult.  The  cyclic  stress  sensitivity  limit  *own  in  r?s.  5 far  this 
materia!  Is  fin  approximate  value  determined  from  the  solid  specimen  test  results.  The  location 
this  stress  magnesium  snd  aluminum  clioys  Is  mora  reliable  then  for*  Qrsy  iron,  but 

sfili  not  ho  prtsc’aaiy  determined  os  in  the  esse  of  ?hs  other  ferrous  msterieis  where  the  rate  of 
chords  of  daBipifg  with  stress  is  much  rnara  prs^ounced  at  the  cyclic  stress  sensitivity  limit. 
The  oppfovlmot#  «fr»ss  values  at  thesO-uoints  are  given  In  Table  II  cions  with  iir»e  reiio  of  this 
straw  to  the  fatigue  strength  at  2 x 10'  cycles  for  each  materia! . The  ratios  very  from  0.5  for 
J-i  i^ieiiue  to  i . i for  itt#  d and  tempered  Sandvlk  steel.  The  latter  cose  Is  the 

f!>i  ssw^eJ  *L~  -A. !:_=•*>  /-.II.  ML , xL.  /-.e.» .1 iL  **  . 
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r y« 


ijtrpei  sensitivity  Urn;?  and  els©  for  damping  energy  at  that  paint. 


A second  important  feature  of  Fig.  5 which  should  be  observed  is  that  far  each 
mcfsHai  she  slope  of  the  log  specific  damping  energy  versus  log  stress  relationship  It  constant 
below  ths  cyclic  strsss  sensitivity  limit  In  the  sties*  fuhjp  investigated , os  far  as  the  rotating 
boom  .method  of  cansiinq  asisnninntio!*  ii  nfej*  *>;  4": . This  SSgH«.fi(j  . ?»  I«  *ri».  , lg  ,-ig.rr:  _ 

Hnsited  in  the  low  sirs**  ranga  of  saving  measurements  ous  to  the  extremely  smoi!  horizontal 
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®noouft?»rwl - w!nfl»  bf»?^  fcr  the  :!f^b  cpc^r.^n  ?^;t; 

fKs  range  below  »&®  cyclic,  «tr«6»  Mnniftvify  Unit  are  shown  in  Fir;.  L, 
The  reason  for  the  isnoertathty  ©f  the  location  of  fhi*  point  for  sroy  iron  and  the  aluminum  end 
magnesium  alloys  ir.  which  tht  damping  chana.  =♦  that  point  Is  not  abrupt  is  obvious  from 
examination  of  H»I*  figure . 

it  should  bo  recalled  sHsf  dissipation  of  armmy  duo  to  magneto-elastic  offsets 
as  siiCw«ed  by  totter  (4),  Porksr  (32},  end  Cochardt  (33),  may  result  In  certain  ferromagnetic 
materiait  displaying  a damping  cook  or  plei*au  in  the  lower  stress  range  when  tested  in  the 
absence  of  a magnetic  field.  Such  behavior  would  be  ea???rsd!  story  to  that  shewn  in  rig.  5 
far  Ifhe  oiioys  tested*  If  such  behavior  Is  characteristic  of  ‘mo  ferrstneKmetis  materials  tested 
In  this  program  It  was  of  toe  small  a magnitude,  or  occurred  at  *««  low  ~ stress  to  bo  detected 
by  Hit  rotating  beam  machine.  Of  course,  no  e.;ch  behavior  would  be  possible  in  the  ease  of 
the  i.^nfcnOw*  interiors  vested . 


The  slope  values  for  the  logarithmic  dumping-stress  curves  in  Fig.  3 or®  given  in 
Table  II*  Difficulty  In  obtaining  reliable  dsrnpl  rig  readings  by  the  rotating [beam  method  Ir. 
*L“  'ow*Bi  ?•>>$!  ratige  would  moke  *he«  values  of  slope  somewhat  euestionabi*  - They  were. 


however,  checked  by  date  obtained  on  a dbatitift  ^a«i\i  AsiwUn  mash  ins  currently  being 


fiaee  iUm  h*.r< 


tde  rer  Mien  frof«nai  ir»#r#  wai  etoie  agreement  rii«  iiop«  vc 

Vf5  methods.  The  “d™  vrors  as  follows;  noHnauTna  Sniigyiii  >»air 


values  oota;nss 

7 A.  Kt.U-C 

- ■-'/ 


2,5 : gray  iron,  2.4;  quenched  and  tempered  Sandy?  k steel,  2.3;  «s*d  2 0 for  1020  steel. 

243- s 4 aluminum,  and  j~i  magnesium.  !he  vaiue  shown  for  N-15S  is  lower  than  the  value 
of  3.0  given  in  previous  pubiicottorai  (4?),  (50)..  This  results  from  further  vibration  »cey  tesh 
being  cemed  out  on  this  material  over  a wiacr  stress  rsrss  than  in  the  earner  investigation. 
The  straight  line  portions  of  the  date  for  the  various  materials,  of  course,  indicate  that  »hv 
damping  energy  increases  ns  c power  functl©'  of  the  stress,  Thus.  In  the  region  b*!r.w  the 
cyclic  stress  sensitivity  limit  the  relationdtlp  may  be  shown  ass 

D = J Sn 


where  P = specific  damping  energy 

S “ stress  amplitude 

J,  n - constants  (values  for  n were  giver.  {-,  the  above  paragraph) 

tne^bpe  or  exponent  values  abiainsd  in  this  study  are  not  ir.  exact  agreement 
with  tbs  conclusion  of  Robertson  and  Yorgladie  (19)  whc.  previously  menrio'^d,  found  that 
the  damping  capacity  of  engineering  material*  under  both  shearing  and  normal  be  .a 


concluded  that  the  damping  capacity  of  materials  is  ir.d*par.cient  of  the  frequency  of  stressing. 


i i ope  i of  straight  lines  or.  fhr.  logarithmic  damping -sires.  piot  which  approximate  the  curves 
f™  th#  various  materials  in  the  High  stress  ranges . Gray  iron  exhibits  she  lowest  values  with  a 
msnlsiujr.  of  roughly  3,  wherua*  1020  steei  indicates  relationships  approaching  an  exponent  of 
qpprexlmately  2*  .or  certain  of  the  curves  for  equal  stress  History,  Above  the  cyclic 


MHtsifiviry  iilmif  - siraai  ^kw/v  Kaa  rka  »Hwsi  a»  t*»«  Hmaniwj  »f  the  «rs 

rMiwt?^  S«iprfvlk  st®*l , 1020  steel,  ard  aluminum  in  the  high  stress  range,  the  affect  of 

strs>»  is  the  iscist  1 M S l^sCe  £i  ora  of  N-15?  3rd  s?ray  !r?n. 

6.3  Comparison  of  Dgwgjng  Properties 


ere:  st*«!  fs'iawins  !n  that  order.  Jt  is  to  be  nered  that  on  this  basis  of  con^urison  In  tfcs 

roglon  below  that  In  which  liras  history  hat  an  offset,  rim  damping  capacity  is  ^proximoraiy 
inverse i>*  pTCpSTsiSnS!  tv  ifii  iaiigue  strsnB.ns  cr  fie  snuitria' . 

A method  of  comparing  the  relative  damping  properties  of  materials  while 
recegnl'dn?  their  different  ktigue  strengths  !:  shown  In  FJa.  4a  which  uses  os  an  abscissa  the 
logarithm  of  the  ratio  of  test  stress  to  fatigue  strength . On  this  basis  of  comparison  the  order  of 
the  different  materials  Is  changed  from  that  of  Flo.  5.  In  the  low  stress  region  the  high  carbon 
stew!  In  both  conditions  of  heat  treatment  displays  greater  damping  than  gray  iron  which  is  stlii 
•cpvirlor  to  me  other  materials.  A?  fha  straes  serfs  ;;  one  the  camping  energy  is  dependent  upon 
stress  history.-  hut  in  general  el!  o?  the  materials  except  aluminum  and  magnesium  display 
srssrcr  samping  offer  a ior-g  Prate  hisrorv  man  does  gray  iron.  The  damping  values  at  the 
cyclic  stress  sensitivity  limits  for  the  various  moteria’s  end  the  range  of  damping  at  the  fatigue 
rtfengtn  one  given  in  table  ii. 

in  Fig*  6a.  the  dara  for  ail  of  the  materials  tested  foil  in  a reioH  sly  narrow 
band  in  The  range  below  the  cyclic  stress  sensitivity  limits,  equations  of  the  approximate  limits 
for  this  bond  erst 

ft  S •S  a s2.S  imiut,  itai;', 

D * 0,4  Rf  *®  (iower  limit) 

where  ®,  » the  r«*?o  of  test  stress  to  fatigue  strength  at  2 x 10?  cycles 
D - specific  damping  energy  in  .n-lb  per  cu  in.  per  cycle 
This  bond  ratistias  *h=  date  a?  ?’=.  6s  over  the  renew  of  ratios  from  0. 1 to  0.7. 

The  effect  of  th#  Heat  Treatment  on  the  behavior  of  the  Sandy  Ik  steel  Is  Interesting. 
When  plotted  as  In  Fig.  6a,  the  data  show  similar  damping  properties  in  the  iower  range  of 
stress.  Since  the  cystic  stress  sensitivity  3iir.it  3;  below  the  fatigue  limit  for  the  normal!  rod 
material  and  above  it  for  the  quenched  e.'xi  tempered  material.  It  is  s#®r>  tho*  w~g  -‘empire  of 
o rotlo  of  stress  to  fatigue  strength  of  1 .0  is  much  groster  for  the  norma!  »z»d  materiel. 

A cow  insert  of  this  dsHvi.iS  srsssrties  which  takes  into  account  the  different 
stiffness  properties  o\  the  materiais  is  shown  in  Fig.  6b.  Here,  the  specific.  damping  plotted 
for  each  materia!  as  a function  of  strain  at  the  outer  fibors.  For  equal  strain  values  at  lass 
than  8.001  In-  par  If5..,  gray  Iron  is  swn  to  dissipate  a greeter  amount  of  energy  than  any  of  the 
other  materials.  The  eqjnwium  alloy  dissipates  this  leas?  gistrsv  far  a given  unit  strain  in  ?M? 

irw|iiOTis  Vwiv<9»  ws  iinii  iiivtft  iiti  ms  y??!«r®r»!  Qm-  Bri*  •..jeiitf-c  »ir*53s  sens!! ! V i ty  ISfRIT 

arid  at  th*  f at’gve  strength  at  2 x 10?  cycles  arc  included  in  Table  li.  The  narrowness  of  tfcs 
band  tts  nomraitved  Sondvik  st.?*  ! • H Fj^«  vb , **s  CCmyivirriu  w i th  that  In  Fly.  6a , l«.  due 

Ka  i-ise  fi3Ci  JmC!  for  T^!>  ?9iat*rinl  . 4»e  rtjrya  jnr  n tfrmct  |»!«tAvy  a?  7Q  ryr!^  WC*  ?ft 
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feasr.  the  comparisons  sf  she  damping  properties  presented,  it  appears  that  rating 
fsur.  !•«*  «s  to  their  dhlllfy  to  dissipate  vibrational  energy  at  engineering  strew  levels  must 
»fh»‘  ; ^oniidceafiurj  of  stress  magnitude , fatigue  strength;  and  stiffness.  A bold  statement 
the?  a . ntciterid  has  higher  damping  than  another  is  won  tc  be  rather  meaningless  without 
consideration  of  the  above  .factors.  Failure  to  e^Mldbr  tHam  kai  arnkshlw  hem  n reason  for 
the  many jeonfl feting  opinions  and  reports  found  In  the  literature  regarding  the  relative  damping 
sf  various  *n!4ridu, 

6,4  Elasticity  Properties 

Dynamic  stress'-itrai.'.  curve*  in  bending  as  obtained  from  the  vertical  deflection 
readings  trices  during  the  fatigue  test*  are  given  In  Fig.  7.  Thu*,  the  curves  shown  for  each 
materia:  ore  the  sompcslts  a?  the  result*  from  many  different  specimen*.  The  strain  scale  wos 
obtained  in  each  case  by 'Comparing  the  initial  portion  of  the  dynamic  bending  curve  with  the 
initial  portion  of  the  static  stress-strain  tension /curve  and  assuming  ne  difference  between  the 
static  modulus  and  mi  syncm?.;  modulus  in  inis  rang#.  The  materials  displaying  the  greatest 
deviation  freas  lireahy  are  gray  Iron,  1020  steel.  N-155,  and  the  normalized  Sandvlk 
except  far  gray  iftts.  natmwir.  rise  i’gnlf!  c-jiit  deviations  occur  only  at  >tng!«  a»j¥t  the 
fatigue  strangih  *r.  each  c«we.  Values  for  the  approximate  dynamic' pfMTrartioraii  limits  ars 
given  !*«'•  IS.  These  valuas  were  token  from  a large  scale  warfelr-s  slui  and  Therefore  were 
determined  mors  c ! *jw~ * f ^ thsn  ?•  a»**!!b!s  *•-  t 


Aluminum  and  magnesium  display  only  email  deviations  from  linearity  up  to  stresses 
approximately  twice  the  feiigus  strength  in  each  c=m-.  The  quenched  and  tampered  Sandvlk 
steel  also  shows  little  deviation  from  linearity  up  to  stresses  about  50  per  cent  above  the  fatigue 
The  sisi  sr5S3USvS5  stress  history  ettect  on  stiffness  is  displayed  by  the  iO.cO  sreei 
and  the  least  by  the  J-;  magnesium  allay. 


MMrtwj  vi 


The  def Section  dais  obtained  during  the  rotating  beam  fatigue  tests  may  be 


■n  Aac*nd!s 




e v»!uee  ef  avenge  *ec«n*  dynamic  modulus  of  city  by  *js*  of  the  formulae  given 
- * They  are  ciaHed  ‘average1  valu**  because  they  are  determined  from  values  of 


deflection  obtained  from  bending  test*  In  whieh  only  thi 
■ness  values  for  modulus  of  elasticity,  expressed  In  pe 


the  outer  fibers  ore  stressed  to  a maximum, 
cent  of  each  material's  Initial  static 


sensitivity  limits  are  shown  in  both  figures.  Values  for  the  ratio  of  the  approximate 
dynamic  proportional  limit  to  the  fatigue  strength  and  to  the  damping  cyclic  stress  sensitivity 
limit  for  each  material  are  Given  In  Table  II . 


The  points  shown  In  Fig.  8 for  the  start  of  the  stress  history  effect  on  dynamic 
modulus  do  mui  vuiic^mk!  <■!«•■*  wli'n  ine  vo lues  given  in  loose  ror  ?he  approximate  dynamic 


for  which  the  increase  of  damping  with  sriess  at  the  cyclic  stress  sensitivity  limit  is  nor 
pronounced,  the  Inirlatl'^n  of  stress  history  effect  on  dynamic  modulus  is  also  difficufr  to 
dilsnslf)*  . Th-S  points  shoWfi  i.  — iim'viCfn  0)1  j y OuprOXiitiute. 


If  Is  Interesting  h> 
due  to  cyclic  A detailed 


consider  possible  changes  in  the  shape  of  the  hysteresis  loop 
discussion  of  the  dyviomlc  stress -strain  characteristics  of  mild 


t -t 
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steel , Hut  sec:e  lot  as  uisd  In  thee*  Unit.  U given  !r<  a previous  pop*:  by  Lazan  {tu<i  Wu  (4 7) , 

Sr  that  papa?  th®y  pr^nt  rh»  results  oi  tasts  Illustrating  the  dependence  cn  stress  history  of  the 
static  proportions!  SSasit#  the  dynamic  preperTsend  Ilstlt,  end  «?ha?  dynamic  choroatorutici. 
Tk«y  shew  tor  this  restart?*! t 


Mi  Pi'BK  im  Sj^viiC  SSsaijiivity  limit] 

1 A**4&k  ilk*  «l<sfcl « <k  —J  -f  I n r ---  t *■»  mww  — ■>  JtjkM.4**  w«t|  n*  | (A* 

■ - «--«  •«»"  reanv  v;::an::v  ■!!r»5S"5tF9f»t  vw*K»  wllHilllf  e 

2a  Svm  or«  SnavptiravnT  of  siren  hSkiory. 

3.  Neither  the  static  nor  the  dynamic  proportion'd  limit  is  reached. 

i.  Between  tha  cyclic  stress  sensitivity  limit  and  tha  fatigue  limits 

1.  Sorh  the  atari e and  dynamic  stress-strain  curves  coincide  for  the  virgin 

specimen. 

2.  Neither  the  static  nor  dynamic  proportional  limit  k reached  for  the 

‘ virgin  specimen. 

3.  Under  sustained  cyclic  stretss 

(a)  Beth  the  static  and  dynamic  oraoertioncl  limit  decrease,  the 
former  more  than  the  latter. 

(a)  The  static  and  dynamic  strsu -strain  curves  craduciiv  deviate 


Jr L _eJ 

j™  -3€n  o?nsr i 


(c)  in  spite  of  these  changes  = the  initial  tangent  modulus  of 
elasticity  remains  unchanged. 

C.  rSe¥*  the  fui’Ciu?  Slfillt.-  thi  Wavier  it  sSSnHp?  ?®,  fetif  !T!8f?  prSHS"?:' 
than  that  discussed  trader  "¥•  t& save,  and  In  edditlent 
1 « i h®  Esfcsorticns!  limit  of  the  v ! rg ! n ^SwihiSm  Is  nssr  tnu 

fatigue  «5*s5t. 

2.  The  tangs nt  modulus  or  *»ro  stross  does  not  remain  constant,  bur 
gradually  decreasui  under  sustained  cyclic  stress. 


Oue  to  the  similarity  in  the  damping  and  elasticity  behavior  between  norti^lSsed 
Sandvlk  steel  and  1020  ?te*!  If  might  ee  expected  that  similar  changes  to  those  outlined  above 
would  also  occur  with  the  normalized  higher  carbon  steel . N-155  is  similar  to  the  above  two 
~„?«riaij  in  that  the  damping  cyclic  stress  sensitivity  limit  and  the  start  of  the  stress  history 
effect  as  inn  dynamic  modulus  of  elasticity  were  fc^d  to  occur  at  approximately  the  sn me  stroke, 
and  bam  are  b-i«*w  the  fatigue  strength.  Of  course 5 the  cyvIU  stress  sen:’Hv!?y  !!«•**  ■»  not  at 
the  identical  stress  for  these  materials  nor  at  the  seme  raiic  of  stress  to  fatigue  strength.  Sandvik 
steel  in  ths  Quenched  and  tempered  condition  would  tfsmr.  ts  pcnw»  minaiuiar  dynamic  stress- 
strain  characteristics,  for  although  stress  history  begins  to  exert  nwasureoble  effect  on  both  damp- 
ing and  dynamic  modulus  of  approximately  the  some  stress,  this  occurs  shove  the  fatigue  limit. 

This  was  not  observed  in  any  other  materia!  rested.  For  the  magnesium  and  aluminum  alloys  the 
enpnsKjeaTs  dynamic  proportional  ijmlt*  occur  quite  far  above  tha  values  determined  tor  the 
cyclic  stress  sensitivity  limits,  but  the  dynamic  proportional  limit  Is  above  the  fatigue  strength 
in  the  case  of  the  aluminum  alloy  and  beiow  the  fatigue  strength  in  the  case  of  the  magnesium 
alloy.  The  difficulties  In  determining  the  cyclic  stress  sensitivity  limits  and  the  dynamic 
proportlneai  limit?  far  ♦here  material  make  these  points  somewhat  quest ; enable . St  wsuid  appear 
dssirdtit  In  the  future  f«  periorm  the  same  type  cf  dyisumU  >Si4n~iirs!n  study  on  Hi®  other  Tataria!* 
os  was  carried  out  by  Lesion  «nd  Wu  wire  iQ2C  sfsei . 

ihn  vniuv  s or  dynamic  rnodulus  of  elasticity  which  »«>«  diftuu&red  above  ore 
coil  sc!  ’average'  value*  hecuuse,  as  explained  previously,  they  were  derentisned  values  c-f 
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s^Metint*  (whi  n Lomiiam  tsut  in  w^Uk  a.»iu  tL>  niu»«.  .t. 

9 d!^65?  *"V^*  o'mwi*  fh^  rrlnt:w  ipwCiinW  Cfoji  SvCl  tOtl  1 1 UT  I^C*  i t 1 1 

fr«£i  *ti«  «wV«a‘’vr=i  ®f  tk«  wrTKirViJc  ittoduSUS  O?  elasticity  from  tSc  ttflSlc.  ftVjdSylu*  nouid  k«  *V3n 

ms?*  abrupt  titan  the  behovler  shown  in  Fig.  3.  Such  velyss  mi'jKt  bs  eeMsd  the  ‘^sc!?!;1 
ufnSww  mnlw)f  of  *!wie!ty.  Work,  Is  in  progress  on  ssHisds  for  dsterminlins  such  specific 
vsiuat  frees, banding  deflection  dots  obtained  with  solid  «p«cimans  o$  us* d In  th*»*  In  the 


futur%  ^eelflc  rather  than  o veraee  dynamic  modulus  data 


rob^iv  bo  rraarted . 


4.5  kolotiomshlp  between  Damping  and  Other  Fhytlccl  Properties 

As  pointed  out  in  the  review  ay  Potter  (4).  attempts  have  Iona  boon  mod-  to 

impact  res! stones , 
£s»fui  except  that  in 

# . , - --,  , t»:«ll*  strength.  end 

Fat  I quo  strath.  fcroohy  {41). 

The  difficulty  in  ftnding.'ony  such  general  correlation  for  a varlotv  of  materials  is 
probnbiy  duo  to  two  dependence  of  the  groping  property  on  so  many  difforont 'factor  such  cs 
svrew  magnitude,  straw  History,,  testing  frequency,  temperature , grain  size , moflnectlc  fields,, 
neat  trec?msn%  3ic . Since  Hie  effects  of  lhau  var'abiiea  may  b*  dfat|m|lar  In  issfsflsis ^ 

it  It  probcbly  of  little  vc'ue  h»  seek  any  single  property  with  which  to  correlate  dsmp'r^j.  An 
wpfw<ima»#  to  lari  unship  Is  better  than  nene  ot  cii,  however,  so  an  attempt  -*•*§  tirade  at  such  a 


In  Table  ii  ors  given  specific  damping  energy  values  for  the  various  materials 
t**®  iTr™*  fHi*  5 at  o f*????  *#  6000  psi..  from  Fig,  6o  at  a stress  ratio  of  0.4,  and  from  Fig.  fib 
at  a “Bi;  sr.r»iK  r,  «_».<_">•  per  in  :r.  each  case  ihesa  abscissa  values  wens  chosen  so  » to  fail 
«i^S  «W  BfWii  iir#ia  wraiiitiiy  rtmita  for  cii  me  moteriais.  The  nrit  set  of  values  COfncarsi 
•he  o?  the  materials  at  constant  itrssi  the  second,  at  constant  ratio  of  test  stress  to 

fatigue  tffsiquh/  and  the  third,  it  constant  st.a 


ulfi  • 


j . ..mIac  .....  • H 


The  three  set;  s*  values  so  obtained  were  plotted  using  loporlthmh 
the  tent! ! e yield  strength,  fatigue  strength,  approximate  dynamic  proportional  limit, 

stress  ct  the  cyclic  stress  sensitivity  limit,  and  static  modulus  of  elasticity.  In  seeking  a correia** 
fien.  There  b apparently  no  reasonable  escalation  between  the  damping  ct  constant  strain 
and  any  of  these  v.n  perametors.  Using  fft$  &m3r  methods  of  comparison,  ajjprG?lc^i  correlation* 
ware  noted  for  two  of  rh-s  parameters  c r^f  tin#  l9Vvn  Mrwivnuii  tested,  the  date  fo?  specific 


■e?!**?  ft*  «Aiifll  so  r*  (Ia4*£»#4  Asm  M.*-  /•  Lm«I«  ulmuv  f 

I • 3*-«*»*  r*w»  'V-  Wm  >S3I*  »^5f  wusis  Huge  <vuim 


•w  w!!»fy  wyiwXimaiii  Biraiahr 
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assumed  fo?  alT 

. . , . „ J lowest  tensile 

i trsngth . Th—  oata  for  the  def.ping  of  the  materials  a«  a constant  ratio  of  test  stress  to  fatigue 
strength  plotted  on  o leg-log  basis  as  a function  of  fatigue  strength.  Fig.  9«,  or  tensile  strength, 
rjg.  rb,  safety  approximate  straight  lines  except  for  grey  iron.  The  dote  for  this  material  fall 

<®aV*  th#  curves  for  tee  slsier  fnUiarisii.  Or.  mis  basis  of  sfiO&i  i'Cmc,  fh;:  :',“?:'S5S; 

with  fatigue  strength  or  tensile  strength.  -The  behavior  Indicates  that,  even  though  ii«e  width  of 
the  Hysteresis  loop  Is  narrow  for  *b  of  high  tenssis  strength,  greater  crocs  are  obtained 

svs  to  the  greater  hei^i  of  the  ioops. 


sy 


!Bt'H 
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r*e  results  of  &£  fnv*s*i9*»i*ft  concerned  -!th  rfes  :^rdir$  fatisss. 

<•**»••*©»  &ri S wiwK'Cify  properties  O?  £-*¥#«*!  matailfo  5! j/i!*  ft«  f$|  jowfnS  ekssr- 


!i:Mt  <«ll  *1- : 


w wars  mod*  Of  £;  rpa); 


1 « WIAIb  tha  mmUIvII^  «f  A*  method  fftf  tkf 

df  damping  ;n  the  lower  range  of  stresses,.  »j»*  •"«!**?«?.  rk  pelf’s 
dons  pine  ismrgy  with  itrau  letlifis:  fhs 


wHarat  D “ the  specific  damping  energy. 

J = '!■•  nMniiiiuRi  vsiue  of  alternating  strs*s,  ond 
. i,;  J and  r 3 comrants  depend!?^  on  th*  matsrlel . 

»>  ^ law  given  wove  applies  for  nck  material  tested  in  the  renjs  feeiew  c 
certain  critical  str»*a  nom-d  the  cyclic  stress  sensitivity  limit . 

3.  eoiew  the  cyclic  stress  sensitivity  limit,  itress  history  h«  r°  obiervsMe 

or  damping,  while  above  It,  the  damping  energy  Is  dependent  on 
th«  stress  history.  Curves  sre  pr-sersrsd  to  snow  the  variation  of  specific 
damping  energy  with  constant  ewtije  stress  history. 

4,  ror  cii  the  mstorlcls  tested,  the  valuo  of  the  exponent  n obtained  from 

K'rtSTing  5S«m  data  end  checked  ay  s vlbrorisn  decay  method  varies  ks- 
twses  2,5  end  2,6  In  the  range  below  the  cyclic  :trss  sensitivity  Slfnlt. 
This  Is  somewhat  lower  than  the  value  of  3.0  reported  by  several  inves- 
tigator- . 

5 • “■SOYS  fhO  CyC.iS  vi 3 ww  fSivltlviiy  iSiatSf,  ilia  rate  of  change  of  damping  with 
stress  Inertias  flferupf  !y  for  certain  materials,  particularly  she  steel*  and 
the  sect -resistant  alloy;  the  ohongu  Is  somswhot  l^is  marked  In  the  o!u- 
•slrym  sllov.  snd  Sr  Is  1#®*  In  the  ^^agneslum  alloy  and  in  gray  cast  Iren* 

6-  If  the  f'slistionshlp  given  under  1 • Bsrw^sn  dumping  and  stress  is  used  to  fit 
roughly  the  curves  <d»ove  the  cyclic  stress  sensitivity  limit # values  of  the 
exponent  n are  fou.vf  as  high  as  20  In  the  case  of  IQ20  steel. 

7.  ’here  is  no  consiste-t  of  ohtr-o  !r.  otovi  iU  oycilv 

sensitivity  limit  for  all  of  the  various  materials  when  tested  under  constant 
cvoMc  there  Is  a tendency  for  the  damping  a*  a function  oi  stress 

h.s.torv  ts  !nc.-»(jj»  ! » *n c css«  c*  the  sI-SbIs  Srto  to  dscr^tss  In  the  case  of 
gray  Iron  and  th*  oovsf-rrcu:  maierfeis.  Soth  effects  ««  noted  with  N-155 
et  various  stress  levels 

i*  rhs  ratio  of  stress  at  the  cyciic  «.vr«s»  ««rsi*ivity  limit  to  the  strength 

is  not  constant  for  ail  of  the  materials*  St  verses  from  upprcxlmciieiy  0.5 
tor  - '.3  magnesium  alloy  to  1 1 for  the  Sandvik  srreai  in  rho  quenched  and 
tempered  condition.  ror  the  other  five  materials  It  fall;  between 


naniMseiMMMMaiewBBieBBiWBieiiesBsas1 


'<i  O I'D 


u.v  and  0.9.  Accurate  iacntion  <jf  This  Bsinf  is  dilfleulf  fer  arsv  Iran 
and  inn  nc«tf«<frnu*  nveterlals  due  to  scatter  |p,  the  «i«fa  at  the  Tower 

stresses: 


9.  The  relative  dcsspSsg  properties  a?  the  various  fnulcfiu-i  te»T*d  depend 
upon  the  manner  in  which  they  ore  compared.  Sn  the  listing  give.-  or.  rh« 

ne*t  poge  the  test  materials  ore  ranked  in  the  order  of  highest  damping 
•vs  iwi  viiianrm  ewi  cr  companion  \ i ,£jZ , . . snaicare  decreasing 
magnitude  of  doling)* 


1 


9 


Equal  Stress 

SsrvW  hsd^lL 


equal  Ratio  cf 

«•  /W  A A S #«AAI 

09 iow  odk 


Equal  Strain  Damping  at 
3#ioW  w£«L  tS 


Gray  Iron 
J-l  Mg 
24S-T4  Al 

•020 

h*-ida 

-L  *1-  .'k!» 

^afiaviK 

Sandvik  (Q-T) 


Sartdvik  (N) 
Sandy!  k (Q-T) 
Gray  iron 
N-155 

IU20 

nif  - - - 

j~l  Me 


Gray  Iron 

>02d 

N-155 
Sandvtk  (N) 
Sandvlk  (Q-T) 

24S-;4  AJ 

J-l  Me 


Sundvlk  (N) 
N-155 
;020 

Sandy iic  (Q-T) 
Gray  iron 

V— ^ » A ! 

m-  -**«e  ■ • ■»  r~>* 

J-l  M-3 


One  possible  s-u»e  for  the  disagreement  of  various  investigators  on  the 
relative  fat inqs  of  various  materials  is  she  «»c-  of  different  bases  cf 
comparison.  A second  cause  Is  the  failure  to  cr^^!  sinhik?^^  $***} 
var?:sbie«  in  the  experimental  work , 


. . -8  #_  : • : ;.  * 

• lire  f«siv*e  OyTiMKMW  piG^uvvigfiQi  I mr»*T  sn  rCTOTinfl  DinGi^S  niSVe  no 

consistent  relationship  to  the  fatlcue  strengths,  the  damping  cyclic  stress 
sensitivity  ilmlts,  or  rha  static  tensile  strengths  for  all  —.ore rials  tested. 

For  the  steels  -srd  N-155  the  dynamic  proportional  limit  falls  within  2S 
per  cent  of  the  damping  cycilc  stress  sensitivity  limit.  For  the  nonferrows 
material*  the  dynamic  proportional  limit  Is  apparently  above  the  cyclic 
stress  sensitivity  limit,  !r*  **«*!?*«  those  observations  It  should  be  rsir<siribsr«d 
that  the  values  obtained  for  the  dynamic  proportional  limit  are  for  several 
reasons  only  annroxtmst* . 


11.  At  their  respective  furious  strengths,  none  of  the  materials,  with  the 

exception  or  gray  iron,  exhibits  on  average  dynamic  modulus  of  aiasiicltv 
lower  than  95  per  cent  of  Its  static  modulus.  For  gray  iron  the  dynamic 
value  is  approximately  10  per  cent  below  the  static  value.  Data  in  this 
paper  on  solid  specimens  of  mild  sice!  show  c decrees#  In  average  dj-?-ic 
modulus  of  oniy  5 per  cent  at  the  fatigue  strength.  Tests  on  hoiiow  ipse|~ 

— w.r.s  of  rh»  some  materia!  (47)  show  a corrsipondlng  decrease  In  average 
uvnamic  modulus  of  s t per  cent.  The  decrease  in  specific  dynamic  rroduiui, 
which  might  be  obtained  from  direct  streit  test*  w h~r=  the  wnols  specimen 
cross-section  is  at  the  tarns  stress,  would  be  even  greater. 


12.  :n@  non  ferrous  materials  suffer  little  change  in  .heir  stiffnes*  properties  when 


subi 


•ctfld  it*  we!  i above  their  strengths 


?k-j-  

l|iq>|  %j  ws 


doll  of  «!a»tlc!fy  ora  the  least  affected  by  strew  history  of  any  of  the 


■IB  — W 
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n 


58  «ai«  for  riw  deling  vnaraif  “ in  !5  psr  5v  in.  (S^?  ? S?  iSM 

materials  *e?t®d„  plotted  ta  a forsycr*  a?  ?h*  ratio  ef  fast  stress  to  me 
fatigue  strength  a*  2 h 104  cycles  ~s  sssHstiss  by  ~ L‘?rd  A*  limit* 
ef  which  sr»  given  by  tfea  Mnest 

n . in  d2.5 

■*"  »*v 

I 

D • 0.4  R2.0 

This  iwftd  setisrlo*  the  data  in  the  range  cf  rstis*  from  0.1  to  0.7. 

comparison  ef  the  relative  4srr.p\r,^  properties  'sr  e-s-ysj  stress  hc!s“*  ths 

cyclic  stress  sens’ttvlty  limit*  Indicates  that  the  damping  energy  deerecees 
with  an  increase  !n  the  fst!g=js  and  tensile  th  ?r»tht  of  the  variate  mete* 
r!aU.  The  dancing  energies  OT^ersd  on  ihs  bm«*  of  fells  of  stress 
♦s  fatigue  strength  show  on  Increase  with  both  the  fatigue  end  tensile 
strength*.  On  this  basis,  gray  iron  delays  s damping  energy  far  above 
curves  satisfying  the  data  for  the  other  material*  tested » 
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APPENDIX  A 

DETAILS  OF  SPECIMEN  PREPARATION 

Specimens:  24S-T4  Aluminum,  i-1  Masnssluni , 1020  ftsa!,  sr,d  Gray  Iron. 

Prepared  tv*  John  Stolen  Co.,  Qlbsonie,  Fs. 

Procedure: 

1 . Turning 

’~»ouSnoo  to  0.030  Sn.  eve mlz*. 

Light  cut  to  0.015^0. 020  In.  over,  food  0.003  In.  par  rev, 

2.  Grinding 

Rough  ground  to  0=003-0.004  in.  ovarclze  In  J pass. 

Finish  ground  to  0.002  In.  over  In  1 pass.  longitudinal  fond  0.0015 
in.  per  rev. 

U4.ui.'  it  I.  . |-2  A »»i !l.  “i/e  ii.JJ. 

• r - MW  • • ~w  ir»  « W » r-*?  . trtr  T CV  .— »■  , v g y»  W :||  • ff  P/fir  • 

Coolant?  Tycol-Afton  0. 

3.  Polishing 

t'erfewed  by  flexible  belt  on  oscillating  erm  traversing  Seal  section 
during  slow  or  fesi  rotation  of  specimen  to  produce  scratches  Sn 
specimen  running  In  uliecriora  of  45  or  133  d#g:  to  longitudinal 
axis,  or  approximate!*  parallel  to  It  depending  on  specimen  speed. 

belts  used  were  grit*  180.,  400.  bOO.  and  VQ0  (if  RteMiqrv) , At 
stwp  fast  Snd  .»v¥*  =psStm«r:  ipisoi  wsrs  used  to  efliiiiviute 
the  marks  from  previous  step.  Final  scratch  directions  were 
parallel  to  'longitudinal  axis. 

Regular  carborundum  and  special  belts  prepared  by  Stulen  were  used . 


e 

ss^Ftnl 


bi-ius  b.««s  .t.1^.4  .11  ... 

• i~  n%w:  lOBiiiani  utiujr  • 


Prepared  by*  Meta!  Processing  Department  j the  University  of  Michigan,  Ann  Arbor,  Mich. 
Procedure*  Description  of  preparation  fr.oy  be  found  in  NACA  RM  51A04  (49). 

Specimens:  Sandvlk  Steel,  In  both  ceirrditlans  of  hsat  treatment . 

Prepared  by:  . Sandvlken  Jersvsriu,  Akflsbclcg  (turning  and  grinding)  and  the  Department 

rtf  M*Akmnl/«e  AAfiroirinilt  . rX  kA  ler.fis /\>/»  A At I I* 

Minn.  ' ' ' - r 


Procedure: 


__  1 . j 

T 005  e 


i uining 

Esughad  so  55  mm . diameter  on  test  section  vsing  carbide 
Depfh  «f  cut  2 mm.  Feed.  0.13  mm.  tier  revel uflon. 

Finish  turning  to  size  including  allowance  for  grinding  using  M^h  speed 
steal  tool  with  0.2  mm.  cut.  Feed  0.2  mm.  oor  rev. 


J 1 


Wffl-f.  I IK 


2.  QjjwHgi 

ffflaar  aretmd  fa  9,34  - 9 .74  m?»  ««  t**t  s«@Hon  With  f«ad  of  0. 13  mm. 

par  r»*oM;on: 


Forfaraura  by  centre!  !«d-pr«uure  f?!-  pc!!th!^S  mSch !-■■*  far  dsts'ji 
sc«  Ltszsn  end  W«  (47) . 

sssItshSng  cb««  240  grit  belt  with  k*ru*«rw  iubriccnt. 
!*ini«h  polish  dona  with  400  gr*t  belr,  approximately 

C.0G>5  In.  removed  an  dlcimeler  in  cash  grinds*  itmp* 


APPENDIX 


damping  and  ewASTiCify  equations  for  interpreting 

irii  ROTATING  CANTILEVER  REAM  TEST 


A ! 


.1  C I I. I T - 

V9UHfitVr  lilfW  i VI  MU 


C,  Ci,C2,  C3 


o constant  In  rotating  boom  dumping  equation. 
Bileragaap^  curator.?.-  In.  / d!v. 

COmSTSmT*  »m  rOTvST f btwn  liniriciry  equations. 


D <*  specific  damping  energy  associated  with  a glvan  unit  stress,  In-lfo 
per  eu  In.  per  cycle.  This,  th®  most  basic  unit  for  specifying 
damping  energy,  is  the  energy  -absorbed  per  cubic  inch  of  material 
under  conditions  of  uniform  stress . 


Da 


average  damping  energy  absorbed  per  unit  volume  of  stressed  material 
per  cycle  in-ih  per  cu  in.  per  c/cie;  Da  - Dq/V.  This  is  not  a basic 
damping  unit  lines,  for  a given  pcSiffiiir  P,  the  vciue  of  Jq  depends 
on  the  stress  distrf butler..  For  example,  the  same  material  under  the 
some  maximum  stress  (seme  D)  would  display  a higher  Da  under  rotating 
bending  than  under  reverse  bending  in  one  plane.  Note;  P ww  the 
symbol  used  for  the  overage  Romping  In  some  previous  pobi  Scot  ions 
(kti\  f47^  . (4&\ . 

S * ~~0  9 \ 0 • S - 


D0  - total  damping  energy  absorbed  by  specimen  per  cycle,  ln-lh/  cycle. 
Do?  B fatal  damping  energy  dissipated  In  fillets,  !n-lb/  cycle. 

5 total  damping  energy  d'mipes  »d  in  tapered  portion  of  specimen. 


dt  * distance  from  center  of  specimen  to  torget,  in. 


P - Hirdnlm  r.4  « ) m nr 

E,i  = static  tangent  modulus  c-f  eletlelty,  psl . 


* specific  dynamic  secant  modulus  of  elasticity  psi ; th-  value  r-ssoeiuted 
wim  a specific  stress  or  that  under  uniform  stress  conditions. 


Ej_  ® average  dynamic  secant  modulus  of  elasticity,  wl;  this  is  the  overage 
or  effective  value  for  the  sp— cimo?.  In  which  si!  «fre»*«4  from  zero  to 
maximum  may  be  present . Note:  was  the  symbol  used  for  the  aver- 

age dynamic  ritcoutU'*  sit  schcc  previous  publications  (4c)  • \47)|  (41)) . 

G s - Ufl/U  - rolio  of  motion  at  center  ef  gravity  of  extension 

ciivr-  and  !■»  V/algnt,  to  the  motion  at  the  measuring;,  targsi. 


OO 
4 ¥ 


VA  * 


K 


9 


H 

*t 


H 


R 


a tote!  srror'ionta!  trsvs»n»!  (*j»cr  reversal  of  d'^stisn  ef  ruratloR  of 
tisdonsir^  SiVii}  w un  gfcrlfjr  of  ioming  5fii  Had  ifti'jht 

f 0/  In* 

* fatal  foertzer  I versa  i at  meauirlng  target,  5n. 

■ totai  horizontal  rovsrssi  at  measuring  target,  microscope  divisions. 

= constant  In  ssjy.ptng-strsss  eauation;  the  damping  or* ray  at  « stress 
of  I pel , 

■ totai  effective  length  of  specimen,  ln._.  L ~ L*  + Lf. 

= gage-length  o«o!vo!eat  of  the  futn  tneriiffia  n ft! lets..  |h; 

* goge-lengrh,  or  length  of  straight  roperad  portion  of  specimen,  in. 

constant  In  the  damping -she#.  eeudtiont  the  slop*  of  D0  vs.  Sc 
relationship/  ot  a s’ven  stress,  on  ieo-Iog  plot. 


total  actual  weight  of  extension  arm  assembly,  ib. 
total  effect iva  weight  of  extension  arm  assembly.  lb. 
radios  of  autsSd*  f;b»«  of  specimen  at  »**»  section/  In  . 
ratio  of  test  stress  to  fatigue  strength  at  2 x 1 (r7  cycles 

radial  distance  from  axis  cf  specimen,  In. 

I 

S “ unit  nortna!  fiber  stress  at  any  point  In  specimen/  ps? . 

S0  = maximum  unit  norma!  stress  at  outside  fibers  of  test  section  of 


r = 


R s 


P 


U,  = 


I. 9 


V 3- 

n 

9 ~ 
%*  * 
9 test  " 

a * 

7 - 


•'vertical"  deflection  at  center  of  gravity  of  weight  P,  In.  Note; 

!rs  ths  case  of  the  tilting  table  machine,  this  deflection  Is  measures! 
in  the  vertical  piane  but  in  a direction  perpendicular  to  the  table , 

"vertical"  flefinctlon  air  msssorloo  target.  In- 

totai  effective  volume  of  specimen  contributing  to  the  dissipation  c? 
at  the  energy  D0,  <su  in. 

angle  bstwf*^  loading  arm  axis  «nd  vertical  direction/  J«w. 
loading  angle  f «r  low  s!r«u  dynamic  deflection  test.,  deg. 

Seedsstg  a%>!e  ter  regular  fatigue  rest,  dsg. 

angle  between  axis  of  tilting  table  ana  vertical  direction,  deg 

ona'e  uniw^en  loading  arm  axis  end  tilting  table , d«g.  Note:  y 0 -CC 


a, 


*.  2 SqusH^S  for  Cnevertino  Fnoerimeate!  D=fo  f- 


* - - -» 

«U5«JI»  ♦spgv?*"?! 


The  outer  regions  of  (ho  rotating  cantilever  beam  specimen  are  subjected  »c 
revp;^!  cyclic  strew;  tension  on  the  fop  surface,  zero  stress  at  tn«  horizontal  position*, 
ar»d  compression  at  the  bottom  mifats.  Referring  to  rig,  SO,  o given  pe-inf  or.  the  outer 
suitors  sf  the  apashma  will  frc-verse  circuit  D-K-A-b-L-C-D  during  rotarian;  stress  A 
I*  lie  jessed  when  the  point  It  of  the  top  position  end  stress  C when  the  point  reaches  the 
betters  position.  At  positions  u end  B the  surface  has  a definite  strain  although  sab- 
| acted  Is  Mfo  sd'rewi , whereat  at  points  K and  L the  surface  maisrioi  ba  sera  strain  si* 
thotfii  subjected  tee  de?!n?*©  stress.  The  presence  of  a hysteresis  loop,  which  opeararsfiy 
exists  is  eii  eefsrisjj  even  at  very  law  it  raises*  therefore  result*  in  an  nroulw  shift  be- 
fweoH  the  axis  of  *er©  bending  stress  and  the  a*»«  of  sere  bending  strain,  ~Th!s  shift  Is 
the  sausrt  of  the  Horizontal  traversal  Illustrated  In  Fig.  I i . 


explaining  further  the  reason  for  the  horizontal  traversal,  one  might  consider 
the  fibers  at  A In  a position  of  nwlmum  tensile  stress  and  strain  and  those  at  C in  a similar 
posit ?o«  for  compression . After  9 £r  of  rotation  from  this  position  the  fibers  which  are  at 
A are  then  at  zero  stress  bus  are  elongated  over  their  unstrstsed  Isnsth  by  the  strain  OB, 
The  fibers  which  were  a*  C.  th*”  bovs'sete  Strc^.  fear  rss’dua!  coe^-«Mlvc  strain  and  are 
shortened  ever  their  unstressed  !tn;:r.  by  strain  UD . The  lengthening  of  the  fibers  on 
otte  side  cf  the  specimen  and  shortening  af  those  on  the  ether  s1  is  ere  responsible  ;«r  the 
lateral  displacement  of  the  end  of  the  rotating  cantilever  Loc.-r. . On  reversal  of  direction 
of  rwiwivii  of  >!r»  .piciffivi*,  the  lateral  displacement  <•  In  the  opposite  direction.  The  rum 
of  the  two  displacements  |$  the  horizontal  traversal  Illustrated  In  Fig.  1 1 . 


•sat  s horizontal  traversal  must  ■«!■>  and  ■■  «s««i«t*d  w'th  Hysteresis  denrp-'r?; 

TE«  ufmansa  nf  a !*yt«  t -_di 


li  w!ig  fro»»  ST?!!  9RS?59r  point  c>  V'fiW.  • ufoiansf  nf  fl  !OOp  ! 

that  the  specimen  Is  absorbing  energy  proportional  to  tkt  area  within  the  hysteresis  leap. 
This  energy  absorption  caa  be  associated  with  a lesliiing  torque  which  require*  a horizontal 
traversal  of  the  loading  weight  !s  ihwt  direction  which  will  always  create  a resisting  tortus 
an  the  system  (to  r|«ht  far  counterclockwise  rotetion  facing  the  target  os  shown  In  rig.  1 i 
and  to  the  left  for  clockwise  rotation).  Thus*  the  tot«»  energy  absorbed  by  the  specimen  In 
In , -“!fe  per  cycle  due  to  dsniplrg  within  the  specimen  is: 


0o  = 2tt  (rwsistmo  torque) 
= 2tt?^  Ho/2 


* tl  ?o  (B-l) 

!n  terms  ot  displacements  at  toe  target  instead  of  at  the  center  of  gravity  of 
zt.Ti,  the  s^j-s  equation  becomes: 

Dc  = tr  G P0  H (#-2) 


The  ratio,  G,  depends  on  the  position  of  the  effective  center  of  retail 


_r  it  _ 

un  or  rne 


«• 


assumed  to  he  sr  tp.r*  center  cf  tfts  spectatOn  for  recsons  cf  simplicity,  asi  sssumption  which 
Involves  or,  error  of  less  thars  i percent . 
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Ij^®tten  ep*M!ss  te  tho  horizontal  rsteflng  spindle  oss»?;ih?y  shown  5h 
r?g..  iif  in  *viiio»s  ?-  is  the  •ffaerh;  waigiit  of  % ioodi?^  am  aoaabiy.  F«r  rtn  tfjrfns 
SWvalm  also  shc'vVfi  ]j|  jifg , iif  )lta  af^tstlva 


moment  prodac*?^  weigh;  1st 


9 fi  *#3-  A 

fp  ■=»  r Bin  v, 

TKiis  for  fits  ffitSsg  teals  wachir®.  the  %*pr*a»fr.n  far  d borwmes* 


Dc  s -jr  O r H sin  9 


m.n 


the  total 

A-3  sEjr  w imriKtn 


Sirsso  the  maximum  cyclic  (trass,  Sr-„-  te  tee  specimen  It  ptocortlonoi  to  P tin  Bi 
ting  capacity  it  proportional  to  S0  H.  Therefore,  ter  e g ' 


^ £vfwt«iu  So  H 


g>v«n  spaoimen  shape, 

(»-<} 

|jkk  ltt.«>  i f n J 
rvtv.twi  U Ni M 


with  tee  constant  hoine  dependent  onlv  on  the  taoeinuin  utam  n«n  the  tvs 
in  the  tests.  ' .7. 

For  tee  actual  >•»>*  run  in  the  idtorcrory.  too  rokie  nmU.  ert  u ?eed  fte—  c 

ionio  attached  te  tee  machine.  The  correction  angle , Y , which  accounts  ter  the  Inc  root*  in 

— I **  A—  si t. i St  at  • * * . a 1 r 

—r^r—  « ■.»«*  ivmin^  w*»  I.W  Hi  ins  4«5!!Mn  «S?  iS=':5r.#  l.~y  BO  GwTwEKAw  I font! 

y s et  c tan  •^|'= 

If  displacement  is  used  in  microscope  dMsIens,  H,#  then  the  expression  tor 

rami  jhwjijae 


0§  = » 0 “ H*  Cm  sin  (CCtey) 
and  if  o .eonster,?  is  shown  having  the  valuei 

I : f'O  P Cm  sin  (efr+y) 

then  tee  t.-^remleR  for  totai  damping  during  a test  at  constant  stress  ist 

D « ft  H* 


(ft-5) 


(#-*) 


i«5  e^prwsiwn  wives  fn»  teifcii  cldiiipiiia  for  the  entire  specimey  (straight 

tep#r®d  ply?  fillets).  jt  Is  deslrcfeis,  hat/ever,  to  obtain  o quantity  vrh-sh  i®  in- 

_f » 9 at  ■ 1 . .i  a .1  - — - " . • 


. w specimen  ... 

©yt  tl !<ets,  end  secondly,  te  determine  the  erase -ie^te  tffljlwo !«:>.*  ft?  (-ha  filiate  tee 
'fmsinee  mms  in  ocruai  rears,  shese  rectors  win  be  mksf  up  in  order  in  test  foliating 

sections . 

8 3 |e!S?!f?si'i!p  total  fencing  cnsDy  and  Specific  3«ntp!r^j  £nerav  in  c S«|?d 

^^n^nssursrni?^^ — — — 


T^e  retetiorsthlpt  obtained  below  reter  to  cylindrical  specJmenu  uneftar  conditions 
a?  constant  maximum  retell  ng  bending  stress  along  the  length  of  the  specimen  > Per  the  symbol* 
12.  The  cssumptlon  1$  mad®  In  tt;!s  iiCHvn  tho'i  F5fc«$  ncoiripj^  dfJSra y^, 


ls«  rsfer  fa 


•B;  a st?*»  and  may  it®  represented  ay  r»*  ***«aticiii 

D ■ J Sn 


(a-*7) 


Rss*nt  work  Indicates  that  ths  relationship  between  dumping  end  stress  tsay  be  mora  compli- 
cated In  certain  stress  ranges  s.4  itu  certain  materSaU  ri%an  that  Indicated  by  Eq.  i*?- 
HtcnfaM;  !■?  SiiC: !c-h  S.5,  whlcJi  fellows-  a afgr  jcfli  RialseS  si  presented  SO  that  thii 
•Inclined  relationship  need  net  be  assumed  over  the  whole  stress  range . The  total  dumping 

In  tha  uaeliMn  -*ib|ccfsd  tc  rSVSiiK  iiiW**  i*J 


(M 


.&■  _ 

,?©r  the  rotating  bssr«  test  the  volume "etres»  function,  of  which  dV/oS  is  the  slops,  may  be 
determined  on  indicated  below  for  a sdiid  specimen  of  length  L.  With  reforenee  to  Plo._  ?2» 


S 


Also.  If  V ts  token  os  that  volume  having  a s^ms  less  than  S.  then* 

f.  -f  Va  , 

V z itax  L - 77  R*  L ■ -£|<r 

“O  “O 


one 


J»  M 

y t 

cSS 


2-4  5 


Substitution  inttj.-H  gives  DtJ,  the  total  camping  energy  in  the  specimen,  for  o maximum 
stress  equal  to  50: 


D.  * 2 


V.  #Se 

irj.'osas 


(»-9) 


jueiTm/?iHp  the  SwUmed  wxureetlon  b-  / for  W in  L<4.  a-V  glve»i 


va  /*„  ..... 

D°  = 2~ul  - J *■”  ds 


SApniiilCn  f^*-*CS5  TO? 


(B-10) 


!?  fcasoifta  damping  it  to  be  deterwlosd  of  a stress  *<?<«,.!  to  S_,  then, 


1-U  fcsCOKOii; 


eSe4* 


D i J Sg 

2 V«D 
E ' n+2 


vi-1 2) 


0 * IT  Vo 


(i-13) 


Assigning  e Hficsr  i&'aHomHIp  live  tween  leg  D end  sag  %*  then  Ja,  £-12  indicates 
h»«t  the  total  •nt^jr  of  ih*  specimen  Is  tqwsi  to  ci  famtont  ftuitlpte  ^ the  specific 

dossing i D for  -a  constant  specimen  effective  voltane : Solving  fos  the  specific  dumping, 
oq«  ®7«3  provides  d method  for  obtaining  the  *per,:f!s  damping  from  the  totai  damping  curve 
provided  a H»«ar  rel<rt!o>»h!p  exists  between  log  DQ  and  log  ?ft. 

Comparison  of  U»*  I -?  and  8-1  i Indicate?  *h«t  the  !s=-:cg  serves  for  bunt  total 
sbss  specific  dcmpt<«g  have  the  seme  slope  value  n. 

®«  * Determination  of  the  Page-Length  Equivalent  of  the  Speclagn  Fillet; 

. 4 A practical  difficulty  in  the  use  sf  Eg.  i-13  result;  from  the  fact  that  specimen: 
Wish  fiiiets  are  iissa  In  ins  actual  tests.  The  total  damping  which  Is  measured  (one  evaluated 


added , to  vhe  length  of  the  ar«i«n*  r=^--s3  portion,.  U»,  ©?  the  test  specimen  !n  order  te  deter- 
mine  ff»t  affective  lengthy  L,  which  is  mod  in  calculating  the  effective  volume,  V,  for  the 


SjreSinWn  t 


p:|s^sw  a»ijr"i85i  uiisfntinaiion  ot  rh#  aemnmg  enevgjr  of  the  fillet*  iwcoims 
rather  Involved  and  the  results  would  — - 2s®i*“Onii  to  use  since  in*  oampiny  wxfoy  diHlasSKl 
*}’  e given  element  ©?  cross  section  along  the  fillet !«  a far.ct!sn  both  of  tho  JiWibution 
acof^j  the  t:n»i  and  eiio  the  stress  distribution  ot  the  se-t?^ . Furthermore,  the  variation  of 
damping  with  stress  i&  not,  for  sH  mutanals,  a sirnpie  function  of  the  stress.  Therefore,,  an 
approximation  to  *K#  aege-ienath  equivalent  for  the  fiiiets  sterns  best  most:  by  a method  of 
solution  involving  graphical  IntegnsKon.  Vhe  steps  followed  in  one  such  method  ere 
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the  ■frv-c’men  axis  and  of  arbitrary  thich.?»*s.  as  shown  in  f’j,  !3. 

The  average  maximum  stress  for  each  slice  in  percent  of  the  maximum 
Vert  stasis,  S»,  is  computed  fnos  the  section  modulus  for  the  diameter 
*=t  me  center  of  the  slice  and  the  loading  moment  existing  s!  that  ^;ct?c 
spprffiwiiRHi  volume  or  each  «lic&  is  computed  from  the  Jiarttrer  of 
the  canter  o?  fh»  slice. 


4t  Bn  order  *©  determine  the  energy  dlsslpatiim  In  each  slice,  an  eesymp- 


7. 


ca?=3 , at  discussed  In  the  body  of  this  report,  ene  «&■=«  ior.  satlsi 
H»#  daaplng  be!tsv!sr  bs!e%'  ts©  ayciic  stress  siwlnvi.)  iimir;  It*  whicn 
fang*  damping  Is  unaffected  by  ttrsst  history,  while  ub ov§  this  range 
llm  same  form  of  »«uatian  l«  upprrw|Mt«|w  urf!;f{^  kut  v.'!;H  d!f= 

ferent  values  of  J cnW  n for  each  fixed  ntssber  sf  cycles  In  the  stress 
history.  In  any  event,  fur  gr  ssproxlirste  correction  for  tlw  energy  dt*. 
tliijS-i  !?.  this  r?!|9tsf  It  v-'o-^ld  -3is^5f  iSsanwiS  to  SSiinSw  such  a vari- 
ation between  the  specific  damping  end  the  stress  m \ he?  given  above . 
On  the  feesls  of  this  assumption,  the  reiationshlr*  between  iafai  eesBi^j! 
and  the  maximum  stress'  In  the  specimen  will  else  have  the  seme  ce- 
©f?!s?ey*t  n.  Tn»  fact  !•  ofev'oui  from  Eq,  S-«2  which  shows  D0  .o  be  c 
wSnifwv  >numpi«  e y. 

The  energy  sisclpated  In  the  straight  tnpered  portion  of  ths  or 

en  ess unted  SQ  nssy  bo  calculated  (employing  cq.  §-13;  from; 


satisfies 


« ~ 


'ot 


2 

"n+T  u vt 


IB 


U) 


where  Vf  Is  the  volume  of  the  straight  toper*©  portion  of  the  sslld  specimen. 
In  c manner,  the  energy  dissipated  in  sock  si  ice  of  fU  lev  for  on 

assumed  may  be  calculated  from  the  volume  c?  the  s!!s«  and  tbs  overage 
maximum  stress  for  the  slice  in  percent  of  S_, 

The  sent  «w  ihs  energy  lost  In  «H  the  slices  U totaled  to  give  D„.-  the  total 

Cr  nmn  edsee  2 j Im  tk->  til  t W ^ 
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8.  The  equivalent  length  of  the  two  ft ! Imts  In  tom’s  ef  ! snrrth  o?  the  ttmlghf 


taperea  portion  of  the  specimen  may  be  calculated  from* 

of  , 

Lf  ®ot  L* 
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The  above  procedure  Is  carried  out  for  various  -assumed  relationships  of  D and  S, 
that  is,  for  straight  lines  of  vsrSvw  slopes  on  a log  D vs.  log  $ plot,  in  this  manner  suffi- 
cient values  are  obtained  to  make  a plot  of  the  gags-iengrh  equivalent  of  the  fillets  vs.  n 
for  the  type  £ specimen  employed  in  rhe  ?•*«,  Such  © «>i©?  j*  shown  >n  Ha.  u tor  the  type 


i specimen,  used  In  this  !rtvest!ga*!en.  M observed  from  this  gieph,  e change  in  slope  from 


*5  ' t. 
;vih  v 5 c*?  m , 


A 1ft  s 

its  U « ! y ?n  s 


n a 3 io  p ■ 9 results  In  a change  in  ©bivalent  of  fri ... 

This  corresponds  to  a change  of  from  about  19  percent  to  about  1 1 percent  of  the  length  of 
?h*  straight  feper«d  portion  c?  a type  £ specimen. 


Itfhen  performing  the  actual  damping  tests,  the  total  damping  values  as  ob- 
tained from  Eq.  8 - 6 are  plotted  from  experiments!  data  in  the  form  of  a D0-S*-N  diagram 

iriw  reiorioMnio  SSiVnati  totai  damp- 
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O r . - J .#• 

w rer  wetwiven 


nuiiir«aiu,«rv>  . 


Hss  curve  for  the  particular  specimen  shawif.g  L,  v*.  log  n . 

or  tr>9  &w*l«  vpsuliinan  is  ihen  cc???pufof!  from; 


Tli«  sffsct've  Volume,  V, 


bowvVwf » ihv  csurvM  rei«n>onshir.  for  i* 


v*.  s0  for  it;*  material  being 

StUJslod  ;J  £ S»iV£»  mK!  5m  3 ISa'!'!*  3*5?  5?  Hi  inCS*  wji  w»  i#j  »? *U*  jpi  ihrf  pomonf  Of 

different  dues-  th*c.  oa  oppvoxu^ttof*,  is  neOHasery  to  determine  the  ^5*-Ur^‘h  aqulv- 
aiettf  by  ?hs  ssfef  dbsssid  dsovs.  Os»a  way  ©r  ^iuininq  on  n value  vrirh  whist*  ro 
woke  tne  determination  in  cud)  it  u««  is  by  using  a s ©cent  slop©  nseaiured  from  ih«  plot 
of  i«o  De  ya . i«*g  S„-  using  set—  arbitrary  polrsr.  ©ft  the  log  sods  ss  sn  Index  for  the 

measurement  of  the  slop*  value.  Obviously  this  method  Involves  some  uncertainty;  how- 
ever, sine#  this  Is  on  apsraxlmsiioti  only  In  e sorroction  to  th©  orlofnaj  «jM«.  ft  ?*  tHcegh* 
to  be  sufficiently  precis©  for  the  purpe*n. 


if  th-  rv  c 


riifUStS 


t.  _* 


- =-  - „ - - . . _ ...  .....  ... — ....  ..  —f— ...  ....  ..fit:  hlaiOfy  of  ins 

ssscimen  hove  different  slope” values  on  the  log-log  plot  above  the  eyello  stress  sensitivity 
- tf?ss»  a different  gage-length  equivalent  for  the  fillets  should  be  applied  for  each 
curve  end  for  each  stress  value  on  the  curve  In  converting  from  D.  to  0.  In  practice,,  how- 
nsoe  be  ds»©  only  tor  a few  stresses  to  obtain  enough  points  for  sketching  In  the 
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>•5  Graphical  Method  fcrj/etermlnlug  Specific  Damping  From  Totol  Damping  for  Various 
13^  v*T  ’S^elafTciuhlps' 


appivKi^oted  by  © snclght  Sine  throughout  the  range  or  stress  investigated.  In  other  In- 
stances the  data  satisfy  a straight  iine  relationship  e.eseiy  only  over  a certain  stress  range. 
This  twee*  usually  nvtanrk  the  lowest  stresses  lavestsgehss  u©  ic  approx! nwiteiy  70  to 
90  percent  of  the  fatigue  strength  for  the  material . For  some  the  cw»«  isr  s 

given  si  rest  history  then  curves  sharply  upward  and  continues  In  approximately  a straf  sht 

M--  L,,i  J.  L .1 ....  el.  —a  ei t _.* _ . 1 / • » 

ilnwm,  Wfi  Ml  ci-wa,  9IVpV  IflUT!  VI  TRf  IWlf  STimVI*  \ufJf  Wt’il  9 ?J?5  tUrV®  fOt  9SCT. 

of  cycles  in  the  stress  history  has  a different  slope.  • In  other  Iterances,  materials  are  en- 
countered for  which  the  curve-  far  log  Da  vs.  Sog  $0,  above  « certain  linear  range , are 
curved  jines  cf  siowiy  but  continuously  Increasing  slope.  In  still  other  cases,  for  example, 
tnarerlais  having  high  s^snsfc-stdctlcn  damping,  the  specific  damping  vs.  stress  curves 
may  evert  display  a pronounced  plateau  boyond  a certain  stress . 


In  cases  where  the  lag  *lep£  n Is  constant  throughout  the  whole  stress  range. 


stress  but  tkei.  has  an  Increasing  value  of  n at  the  higher  stress; 
Insiancas  Is  given  below. 


A method  for  »_««  in  such 


As  previously  explained,  the  total  damping  In  a member  subjected  to  reversed 
cyclic  stress  Is  given  by  5q.  B-8s 


-Jo  <*  =/i>  -jrUi 


dS 

Bcr  parts  like  a compressor  blade  having  ci  comp! looted  stress  distribution, 

t©  s.nd  ioodi.ig  information 
euuatio-Ti  abovo,  may  be  handled 
however,  the  expression  for 
total  damping  Dtt  for  a maximum  stress  equal  to  Sc  was  shown  by  E«.  S-9  to  be: 
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Do  a 1 


D 5 d$ 


ro  r « 


When  D -sn  Im  e*d;*ased  on  a simp!*  Ritfhitriicsl  function  tf  in*  *t  r#«« t thsr-  rss  d!f- 
flftuitv  !?  encountered,  for  6?re!ghffara-a.-d  i»t.*tjrat’e«  h possible.  For  the  c«e*  to  bo 
©a«!asrid  no#;  'iiowirisr,  C can  nsf  b®  axprsutd  os  a ssmnie  oatkamatlroi  f^nettiw 


&?RR<;2»nad  no «?.  'iKM^rtsr,  C cor  not  b®  ssprsusd  os  a simple  oatkamatlroi  fynetlw 
©?  S end  tbs  Int*£r«i  cannot  a*  readily  evaluated  mathematically.  alternative 
graphic-ei  procedure  *s  outlined  beow . 

With  reference  to  fig..  1$,  D.i , Dv»,  Do,  . . . Don,  and  D*. , 

n cn  j « a - V.'.  ~r-  • . »»  J 


in  any  u vs.  > relationship,  log  linearity  may  k anumaa  up  to  a certain  stress  5: , thu 
stress  bis-tg  selected  lew  aneygh  to  *“eke  tbs  error  !n  this  assumption  Ins'^ilfiesfif.'  In  this 
range  the  relationship  between  * pacific  damping  ana  stress  is  son  tried  by: 

o z j 5“ 

Isa  slope  a cf  the  0 curve  in  'hi*  range  it  identical  re  that  for  the  S0 
curve,  and  the  goeeifle  damping  value:  may  be . computed  by  the  use  of  £q.  S-i3.  Be- 
yond the  straw  wnere  the  lee  linearity  no  longer  exists,  the  data  satisfy  a different  function 
tor  D and  oppilcatlon  of  *g.  8-13  is  no  longer  valid. 

For  convention  of  the  Ps  date  to  D values  beyond  «•*  !!n*a?  r=nge,  corulder 
ftie  following.  Using  th«  notation  in  Fig.  15  end  applying  £*..  1-9; 
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In  a oradilcel  Inttarailan  in  wklrh  tk-  InrannUinn  ihr«  •■nu.lt 

w y — • • — ■ ..—  • .«•  W . »»•  •'•  • w M**  *. , • • <a  • I n v 

assess*, without  significant  «rr©--  that,  over  a small  Increscent  in  stress,  D has  o straight  line 

reioflorahlp  uciijl  S ‘Hi  u iinpor  plot,  inen  the  integral  of  f.q . B * 59  may  h#  reduced  as  shown 
beiow.  Far  tbs  du«js»ioo,  ra?sr  to  Fig.  1 5. 
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*.^2  S dS  = smmerd  r,f  P*l  dsc-gr-sn  between  Si  and  5* 

about  tt»  *«M  or!  ?<r-  * 
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Solving  for  Do  tr&at  fcq.  5-19,  the  above  expression  give*! 

2<  Do2S2“D  ' 4 
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V-AS  (S,  + S2) 

This  aquation  than  may  bo  wad  to  datt«mlno  the  vfilya*  forD«in  tha  stress  range  beyond 
the  region  of  5cgaiS»hm!c  linearity  as  lllwhxrtod  in  rig,  15,  iha  smeiior  the  intervales 

(>Lw  fMiknn  r*®A iAltfftiA  1c  Stsm  ‘m  * f - - — -I  __  tb  ( ^ iL . _ .5^.1,— . A J ^4_  .-  C_  . ^ a 

"“f*  i!  - iv.  ncv:^5  -^Uo-  ..  ••  «•*%...  ^ IV  ^f^nninf  yj  »•» 

tha  mm  aquation,  th«r.  D±,  sis.,  «s  indicated  ay  H*  A flilrtftffll  MNiMIam  albntufA  Caw  &mn^n  l| 


«tn/Ti  (i  *TT(  •««!■ 


in  ?Eg.  ii.  This  stepmise  process  sssy  bo  checked  periodically  by  grupr.Scal'y  integrating 
tfi*.  ft  Mjr«a  « !nd!a«t*d  by  §«9  ' 

I.  6 Determination  of  Avaraaa D ynainic  Modulus  of  Elasticity  From  Vortical  Deflection 
bjigaauraw^nislnl?**1  Kotofirg  Cantilever  aSSmTgsl 

Tha. modulus  of  elasticity,  E,  of  tf.a  test  specimen  motariai  it  dtrac'iy  pro- 
portions! to  th®  ratio  of  tha  effective  mo^T^nt  producing  ioed,  P ■!«  9,  to  tha  vertical 
deflection,  U.  ts.  defined  previously.  Thus* 


s - r 
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/Ok  A*  V 
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Tn«  constant,  C,  depend;  on  tha  effective  specimen  length,  tha  moment  of  inertia  along 
Its  length,  end  tha  loc.Jtion  of  tha  cantor  of  gravity  of  tha  loading  weight,  P.  Since 
tha  s^vlnian  •trw.u  i*  proportioned  to  f sin  9,  the  modulus  may  also  be  axpirwued  wt 


E = Ct 


T“f 


lt-77\ 


a 1 1 


w»i  • iwi  •"w»'u»  >mi  earn *m.s i / mvii  ^ ii  thi  •* ■ i w 


modulus  c- 

elasticity,  6^,  wHvrvw  it  sh.s  b«am  is  refering  one  reesivirsa  cyclic  stress,  then  th*  modulus 
of  elasticity  calculated  rrom  U is  tha  dynamic,  volua  e^. 


»_.  • 


Tit*  (*  mmu  La  ■ JtW-.--.-f -*- 

of  iha  clastic  deflection  curve  by  tha  double  integration  method,  (b)  csricuiotior.  of  in 
maximum  (Sslisction  by  a araph’cci  rmuRi-orea  m®fhod,  and  (c;  «xp*r!"mr'f«i  d»?enn!na 
i iof)  ct  inS  CGii2iSit‘>  for  vScii  ipiciiTncfi  U'flsf  to  jh®  srarr  ai  nn  gciun)  »#!!.  Of  thcso,  the 


Sn^ai  iirnmiui  iim'HOh  |in>rei  io  a®  in®  mast  !<s;iwi 


Th*  double  integration  nsafhcxi  baomsi  rather  tedious  end  complex  for 

07  . it  r l nV.^1  frt  Ka  iVw“’  ?A.*  ect !cd  U^O  \ "***-,  7 — fr ti « ^ 
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certain 


Tits  graphical  nwi’Wwnf-orea  method  Is  discussed  In  detail  fn  fh*  Appendix  to 

Mferanra  iiAl  Sn  a saT n/i  ami „.!it  tii-  . «J..J  ti  t.  ....... — .•*.  -* 

- _ , ,-.  - r..  — •••^|  -•»  -ts;:j  Mll«  MSVUIVM;  It  l«  II VW9I9I2?  J IHUI 

ssiitmsijf  sssw^is  ^ssuwnn“js  b*  !«m*  of  specimen  «!«;•  A*  £gs*aw.» 

!*  critically  dependent  ©r  fh©  specimen  length  end  diameters , 

A-  U more  accurate.  therefore.  for  n^vt  types  of  specimens  to  determine  the 
jnoratanr  C,  tfhlsh  is  essentially  a specimen  stiffness  constant,  by  experimental  methods. 
TV©  swsh  methods  hev*  Vrs?*  successfully  used)  (a)  determination  of  the  natures  frequency 
of  vibration  of  the  specimen-exteniion  s«rr.  system  during  a low  stress  vibration  decoy  rest 
prler  to  starting,  tho  cyclic  stress  test  and  (b)  determirsetisr.  of  the  defection  curves  for  small 
iirr«ss<M  befers  the  cyciic  stress  tost  is  started. 


he  v!b“*!cr.  method  because  of  ease  of 


Tiiw  JwiiSvIiW!  ^ttTr.d  • m iSVvivd  SV<*|'  tsVS  V?bT5tl©t5  method  because  of  case  of 
^spilsetiori  and  reiiah*  ity  of  r»»*ite3  For  a determination  of  the  specimen  constant  by  thi; 
method,  a damping  fatigue  specimen  Is  set  up  in  the  testing  machine  in  the  usual  manner  for 
® dynamic  test , before  the  actual  test  is  startea,  itswsvsr < r«vd!riji  of  vertical  deflection 
at  mv  raneot  ore  made  for  various  angle  »s*tl!^«  up  tn  *♦?»««  »f  abnut  50  percent  of  the 
expected  fatigue  limit  of  the  material . These  tests  may  be  performed  on  a non-rofet!^; 
specimen  or  cm  a mfattng  specimen-  for  lr:  the  materials  invent!  go  ted  there  is  nc  dsicctehle 

c! ^uxian  (ka  Juu.U  «uJ..H  S.  uL.  aji;-  J}  J-  ) 

— • • - .ttm  •yiiaiHiv  M'MWVI  v SIS  SB  SO*  iwrr  VI S VJN  9 xNIII^QI  e V V «§  priffriVQ 

«0  n«¥i  in6  f±*fi>inn  «l/)w|v.  nnwaymr^  far  m|s  pr§V€?f?t§  psfstts^aifcr  ssr  (sxufiCt^jiy 

in  the  small  diameter  speeimeris}  which  introduces  run^-eu;  in  the  subsequent  dynamic  test. 


©r  the  rcfele  ana!*,-  the  points  fan  on  a straight  line,  it  is,-  therefore,  relatively  easy  fa 
establish  © curve  with  a small  number  of  points.  At  a convent  ent  value  of  the  sins,  the 
deflection  it  read  from  the  curve,  Two  corrections  should  be  applied  to  this  set  $f  . 

The  correction  angle  should  be  added  to  the  table  angle  a to  give  true  loading  angle  <jr7~oi 
discussed  in  the  section  dealing  with  damping.  The  second  correction  is  .i^cirvd  because 
©f  the  fact  that  the  defi  vCtiwic  vs  ii^uiurau  includes  nor  only  that  due  to  bending  In  the 
specimen  but  also  that  dim  *«  "itwiiclty  In  the  joints.  In  the  extension  arm,  and  In  the  Hit“ 
5ng  table  H**!?,  The  «e-egi!ed  "caiibfarion  correction”  for  these  latter  factors  U determined 
prior  to  specimen  testing  by  making  deflection  tests  on  a given  machine  with  c dum^y  speci- 
men mewnfed  In  position.  The  deflection  due  to  the  joints,  arm,  ana  tobls  may  be  isolated 


itv< 
sin  9 . 


The  subscripts  are  intended  to  indicate  the  corrected  values  obtained  from  the  law  stneu 


brae*  ipjwie  MA  *L  - «v»4<aeil  ft—*  - 

......  . ....  •*»*  miw  w:w«i:  st-*.  as  aw  wail  SB  i . . 


The  corrections  discussed  above  are  applied  to  observations  mode  during  the 
acruai  tc! i a.  s given  fswiw  > o Ou-g tit  sin  s,...  and  a oorreciec5  U,....  in* 
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